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FIG. 6

Neutralization of ligand binding
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FIG. 7

p-ERK Inhibition
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FIG. S
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FIG. 10
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FIG.11
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ANTI-RON ANTIBODIES

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

This application claims the benefit of and priority to U.S.
Provisional Application Ser. No. 61/466,679, filed Mar. 23,
2011, and U.S. Provisional Application Ser. No. 61/361,808,

filed Jul. 6, 2010; the contents of each application are hereby
incorporated by reference 1n their entirety.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which
has been submitted 1n ASCII format via EFS-Web and 1s
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Jul. 18, 2011, 1s named AVO-010.txt and 1s
174,495 bytes 1n size.

FIELD OF THE INVENTION

The field of the mvention 1s molecular biology, immunol-
ogy and oncology. More particularly, the field 1s therapeutic
antibodies.

BACKGROUND

Recepteur d” Origine Nantais (RON), also known as Mac-
rophage Stimulating Protein Receptor (MSP R, or MST1-R),
1s a member of the MET family of receptor tyrosine kinases
that binds the ligand known as Macrophage Stimulating Pro-
tein (MSP). RON 1s composed of a 40 kDa extracellular .
chain and a 150 kDa transmembrane 3 chain. The p chain 1s
responsible for the intrinsic kinase activity, and the extracel-
lular portions of the two chains function together as the ligand

binding domain (Wagh et al., 2008, Apv. Cancer REs. 100:1-
33).

MSP binding to RON activates multiple downstream sig-
naling pathways and mediates multiple cellular activities.
RON pathway dysregulation 1s involved in inflammatory
response, wound healing and liver regeneration. RON signal-
ing can sustain tumor growth, survival, motility, invasion and
angilogenesis 1n certain malignancies. The RON protein exists
in several splice variants, some of which are tumorigenic 1n
amimal models of cancer. One such splice variant 1s delta 160
RON, whichlacks exons 5and 6 (Luetal., 2007, CANCER LETT.
257:157-164).

When activated by ligand binding, RON activates the
PI3K/AKT pathway and the MAPK pathway. RON also

alfects cells through interactions with other receptors, e.g.,
c-Met, mntegrins and EGFR. To date, no activating mutations
in RON exons have been reported. Alternative splicing and
overexpression appear to be the main mechanisms for consti-
tutive activation of the receptor. Several small molecule
inhibitors have been reported that inhibit multiple receptor

tyrosine kinases, including RON, examples of which include
EXCEL-2880, (Qian et al., 2009, Cancer REes. 69:8009-8016)

and BMS-77607 (Schroeder et al., 2009 J. Mep CHewm.
52:1251-1254). A dual c-met/RON 1nhibitor has also been
reported, Amgen compound I (Zhangetal., 2008, Cancer REs.
68:6680-6687). A recent publication describes a selective
RON small molecule inhibitor (Raeppel et al., 2010 Broora
MEep CHeMm LETT 20:2745-9). Several antibodies that inhibit
human RON activity have been reported (Huet et al., US
2009/0226442; Pereira et al., US 2009/0136510; Zhu et al.,
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WO 2006/020258; Pererraet al., WO 2005/120557; and com-
mercial antibody MAB691, R&D Systems, Minneapolis,
Minn.).

Naturally occurring antibodies are multimeric proteins that
contain four polypeptide chains (FIG. 1). Two of the polypep-
tide chains are called heavy chains (H chains), and two of the
polypeptide chains are called light chains (L. chains). The
immunoglobulin heavy and light chains are connected by an
interchain disulfide bond. The immunoglobulin heavy chains
are connected by interchain disulfide bonds. A light chain
consists of one variable region (V, in FIG. 1) and one constant
region (C; i FIG. 1). The heavy chain consists of one vari-
able region (V. 1n FI1G. 1) and at least three constant regions
(CH,, CH, and CH, 1n FIG. 1). The vanable regions deter-
mine the specificity of the antibody. Each variable region
comprises three hypervariable regions also known as comple-
mentarity determimng regions (CDRs) flanked by four rela-
tively conserved framework regions (FRs). The three CDRs,
referred to as CDR,, CDR,, and CDR,, contribute to the
antibody binding specificity. Naturally occurring antibodies
have been used as starting material for engineered antibodies,
such as chimeric antibodies and humanized antibodies.

Although antibodies that bind RON are known 1n the art,
there 1s still a need for improved RON antibodies that can be
used as therapeutic agents.

SUMMARY

The mvention 1s based, 1n part, upon the discovery of a
family of antibodies that specifically bind human RON. The
antibodies contain RON binding sites based on the CDRs of
the antibodies. The antibodies can be used as therapeutic
agents. When used as therapeutic agents, the antibodies are
engineered, e.g., humanized, to reduce or eliminate an
immune response when administered to a human patient.

The antibodies prevent or inhibit the activation of (1.e.,
neutralize) human RON. In some embodiments, the antibod-
ies prevent RON from binding to its ligand, MSP, thereby
neutralizing RON activity. In certain embodiments, the anti-
bodies prevent RON activation without inhibiting RON bind-
ing to MSP. The antibodies can be used to mhibit the down-
stream signaling of the breast tumor cell line T47D.
Furthermore, when administered to a mammal, the antibodies
can 1nhibit or reduce tumor growth in the mammal.

These and other aspects and advantages of the invention

will become apparent upon consideration of the following
figures, detailed description, and claims. As used herein,
“including” means without limitation, and examples cited are
non-limiting.

DESCRIPTION OF THE DRAWINGS

The invention can be more completely understood with
reference to the following drawings.

FIG. 1 (prior art) 1s a schematic representation of a typical
naturally-occurring antibody.

FIG. 2 1s a sequence alignment showing the amino acid
sequence of the complete immunoglobulin heavy chain vari-
able region of antibodies 07F01, 12B11, 17F06, 18H09 and
29B06. The amino acid sequences for each antibody are
aligned against one another, and CDR,, CDR,,, and CDR,, are
identified 1n boxes. The unboxed sequences represent frame-
work (FR). Alignment positioning (gaps) are based on Kabat
numbering, rather than an alignment algorithm such as
Clustal sequences.
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FIG. 3 1s a sequence alignment showing the CDR;, CDR.,,
and CDR, sequences for each of the immunoglobulin heavy
chain variable region sequences 1n FIG. 2.

FIG. 4 1s a sequence alignment showing the amino acid
sequence of the complete immunoglobulin light chain vari-

able region of antibodies 07F01, 12B11, 17F06, 18HO9 and

29B06. The amino acid sequences for each antibody are
aligned against one another, and CDR ,, CDR,, and CDR,, are
identified i boxes. The unboxed sequences represent frame-
work (FR) sequences. Alignment positioning (gaps) are based
on Kabat numbering, rather than an alignment algorithm such
as Clustal sequences.

FIG. 5 1s a sequence alignment showing the CDR;, CDR.,,
and CDR, sequences for each of the immunoglobulin light
chain variable region sequences 1n FI1G. 4.

FIG. 6 1s a graph showing dose-response curves for inhi-
bition of the MSP-RON binding interaction by antibodies

17F06 (A), 07F01 (@), 12B11 (#), 13HO09 (M), and 29B06

(x), as measured by electrochemiluminescence assay.

FIG. 7 1s a graph showing dose-response curves for inhi-
bition of MSP-dependent phosphorylation of ERK by anti-
bodies 17F06 (A), 07F01 (@), 12B11 (¢), 18H09 (M), and
29B06 (x) by ELISA assay.

FIG. 8 1s a histogram summarizing results from an experi-
ment measuring inhibition of MSP induced HPAF-II cell
migration by antibodies 07F01, 18HO09, 29B06, 12B11,
1’7F06 and an IgG negative control (murine IgG) by transwell
assay.

FI1G. 9 1s a graph summarizing data on inhibition of growth
of a wild-type (wt) RON-dependent in vivo tumor model by
antibodies 07F01 (@), 12B11 (¢), 18H09 (W), 29B06 (*),
and a murine IgG control (O). The antibodies and IgG control
were dosed at 20 mg/kg twice per week intraperitoneally.

FIG. 10 1s a graph summarnzing data on inhibition of
growth of a delta 160 RON-dependent in vivo tumor model by
antibodies 17F06 (A), 07F01 (@), 12B11 (4), 18H09 (M),
29B06 (*), and a murine IgG control (O). The antibodies and
IgG control were dosed at 20 mg/kg twice per week intrap-
critoneally.

FIG. 11 1s a graph summarizing data on inhibition of
growth of an NCI-H338 xenograit tumor model by antibody
29B06 (*) and a murine IgG control (O). The antibody and
IgG control were dosed at 40 mg/kg (abbreviated as “mpk”™)
three per week intraperitoneally.

FIG. 12A 1s a schematic diagram showing the amino acid
sequences of the complete immunoglobulin heavy chain vari-
able region of 07F01 (SEQ ID NO: 2) and the complete heavy
chain variable regions denoted as Chimeric 07F01 C1025
(SEQ ID NO: 133), ShO7F01 Hv3-48 (SEQ ID NO: 135), and
ShO7F01 Hv3-48 D28T T60A L63V E65G (SEQ ID NO:
137). The amino acid sequences for each heavy chain variable

region are aligned against one another, and Complementary
Determining Sequences (CDR) (Kabat definition), CDR,,

CDR,, and CDR,, are identified in boxes. The unboxed
sequences represent framework (FR) sequences.

FIG. 12B 1s a schematic diagram showing the amino acid
sequences of the complete immunoglobulin heavy chain vari-
able region of 29B06 (SEQ ID NO: 42) and the complete
heavy chain variable regions denoted as Sh29B06_Hv4-59
(SEQ ID NO: 143), Hu29B06 Hv4-59 (SEQ ID NO: 143),
and Hu29B06 Hv4-39 D27G T30S M481 167V Y78F (SEQ
ID NO: 147). The amino acid sequences for each heavy chain
variable region are aligned against one another, and CDR,,
CDR,, and CDR; sequences (Kabat definition) are identified
in boxes. The unboxed sequences represent framework (FR)
sequences.
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FIG. 13A 1s a schematic diagram showing the CDR,,
CDR,, and CDR, sequences (Kabat definition) for each of the

variable region sequences shown in FIG. 12A.

FIG. 13B i1s a schematic diagram showing the CDR,,
CDR,, and CDR, sequences (Kabat definition) for each of the
variable region sequences shown in FIG. 12B.

FIG. 14 A 1s a schematic diagram showing the amino acid
sequences of the complete light chain vanable region of
07F01 (SEQ ID NO: 4) and the complete light chain variable
regions denoted as HE L 07F01 Kv1-9 (SEQ ID NO: 139)and
ShO7F01 Kv1-9 F1 (SEQ ID NO: 141). The amino acid
sequences for each light chain variable region are aligned
against one another, and CDR,, CDR,, and CDR, sequences
(Kabat definition) are identified in boxes. The unboxed
sequences represent framework (FR) sequences.

FIG. 14B 1s a schematic diagram showing the amino acid
sequences of the complete light chain vanable region of

29B06 (SEQ ID NO: 44) and the complete light chain vari-
able region denoted as Sh29B06 Kv2-28 (SEQ ID NO: 149).
The amino acid sequences for each light chain variable region
are aligned against one another, and CDR ,, CDR,, and CDR,
sequences (Kabat definition) are identified in boxes. The
unboxed sequences represent framework (FR) sequences.

FIG. 15A 1s a sequence alignment showing the CDR,,
CDR.,, and CDR; sequences (Kabat definition) for each of the
variable region sequences shown in FIG. 14A.

FIG. 15B 1s a sequence alignment showing the CDR,,
CDR,, and CDR, sequences (Kabat definition) for each of the
variable region sequences shown in FIG. 14B.

FIG. 16 1s a histogram summarizing results from an experi-
ment measuring inhibition of MSP mduced HPAF-II cell
migration by anti-RON antibodies Sh29B06-78 and
ShO7F01-62, an IgG negative control (human Ig(G), and a no
MSP control by transwell assay.

FIG. 17 1s a histogram summarizing results from an experi-
ment measuring inhibition of MSP induced HPAF-II cell
invasion by ant1i-RON antibodies Sh29B06-78 and ShO7F01 -
62 and an IgG negative control (human IgG) at O and 1 nM
MSP.

FIG. 18 1s a graph summarizing data on inhibition of
growth ol an NCI-H358 xenograft tumor model by anti-RON
antibodies mu07F01 (O), Sh07F01-62 (A), mu29B06 (#),
RONS (H), and Sh29B06-78 (@), and a human IgG control
(+).

FIG. 19 depicts Western blots summarizing results from an

experiment measuring RON receptor degradation by anti-
RON antibodies muO7F01, ShO7F01-62, mu29B06, RONS,

and Sh29B06-78.

DETAILED DESCRIPTION

The anti-RON antibodies disclosed herein are based on the
antigen binding sites of certain monoclonal antibodies that
have been selected on the basis of binding and neutralizing
the activity of human RON. The antibodies contain immuno-
globulin variable region CDR sequences that define a binding
site for human RON.

In view of the neutralizing activity of these antibodies, they
are useful for modulating the growth and/or proliferation of
certain types of cancer cells. When used as a therapeutic
agent, the antibodies can be engineered to minimize or elimi-
nate an immune response when administered to a human
patient. In some embodiments, the antibodies are fused or
conjugated to other moieties, such as effector molecules (e.g.,
other proteins or small molecule therapeutics), a detectable
label or a toxin moiety. Various features and aspects of the
invention are discussed 1n more detail below.
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As used herein, unless otherwise indicated, the term ““anti-
body” means an 1ntact antibody (e.g., an intact monoclonal
antibody) or antigen-binding fragment of an antibody (e.g.,
an antigen-binding fragment of a monoclonal antibody),
including an mtact antibody or antigen-binding fragment that
has been modified, engineered or chemically conjugated, or
that 1s a human antibody. Examples of antibodies that have
been modified or engineered are chimeric antibodies, human-
1zed antibodies, and multispecific antibodies (e.g., bispecific
antibodies). Examples of antigen-binding fragments include
Fab, Fab', F(ab'),, Fv, single chain antibodies (e.g., scFv),
mimbodies and diabodies. An antibody conjugated to a toxin

moiety 1s an example of a chemically conjugated antibody.
I. Antibodies that Bind RON

The antibodies disclosed herein comprise: (a) an immuno-

globulin heavy chain variable region comprising the structure
CDR,,,-CDR,,,-CDR,,, and (b) an immunoglobulin light

chain variable region comprising the structure CDR;,-
CDR,,-CDR; 5, wherein the heavy chain variable region and
the light chain variable region together define a single binding,
site for binding human RON protein.

In some embodiments, the antibody comprises: (a) an
immunoglobulin heavy chain variable region comprising the
structure CDR ,,,-CDR ,,,-CDR ,; and (b) an immunoglobu-
lin light chain variable region, wherein the heavy chain vari-
able region and the light chain variable region together define
a single binding site for binding human RON. A CDR,,,
comprises an amino acid sequence selected from the group
consisting of SEQ ID NO: 5 (07F01), SEQ ID NO: 51
(07F01), SEQ ID NO: 124 (ShO7F01 Hv3-48 D28T T60A
L63V E65G), SEQ ID NO: 15 (12B11), SEQ ID NO: 53
(12B11), SEQ ID NO: 25 (17F06), SEQ ID NO: 55 (17F06),
SEQ ID NO: 35 (18H09), SEQ ID NO: 57 (18H09), SEQ ID
NO: 45 (29B06), SEQ ID NO: 59 (29B06), and SEQ ID NO:
126 (Sh29B06 Hv4-39, Hu29B06 Hv4-59 D27G T30S M48I
167V Y78F); a CDR,,, comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 6 (07F01),
SEQ ID NO: 16 (12B11), SEQ ID NO: 26 (17F06), SEQ ID
NO: 36 (18HO09), SEQ ID NO: 46 (29B06), and SEQ ID NO:
122 (ShO7F01 Hv3-48 D28T T60A L63V E65G); and a
CDR,,, comprises an amino acid sequence selected from the
group consisting of SEQ ID NO:7 (07F01), SEQ ID NO: 17
(12B11), SEQ ID NO: 27 (17F06), SEQ ID NO: 37 (18H09),
SEQ ID NO: 47 (29B06), and SEQ ID NO: 123 (Chimeric
07F01 C102S, ShO7F01 Hv3-48, ShO/7F01 Hv3-48 D28T
T60AL63V E6 5G). Throughout the specification a particular
SEQ ID NO. 1s followed 1n parentheses by the antibody that
was the origin of that sequence. For example, “SEQ ID NO:
5 (07F01)” means that SEQ ID NO: 5 comes from antibody
07FO01.

In some embodiments, the antibody comprises an immu-
noglobulin heavy chain variable region comprising a CDR .,
comprising the amino acid sequence of SEQ ID NO: 5
(07F01), SEQ ID NO: 51 (07F01), or SEQ ID NO: 124
(ShO7FOl Hv3-48 D28T T60A L63V E65G); a CDR,,, com-
prising the amino acid sequence of SEQ ID NO: 6 (07F01) or
SEQ ID NO: 122 (ShO7F01 Hv3-48 D28T T60A L63V
E65G), and a CDR ,,, comprising the amino acid sequence of
SEQ ID NO: 7 (07F01) or SEQ ID NO: 123 (Chimeric 07F01
C102S, ShO7F01 Hv3-48, ShO7F01 Hv3-48 D28T T60A
L63V E65G).

In some embodiments, the heavy chain variable region
comprises a CDR,,, comprising the amino acid sequence of
SEQ ID NO: 5 (07F01), a CDR,,, comprising the amino acid
sequence of SEQ ID NO: 122 (ShO7F01 Hv3-48 D28T T60A

L63V E65G), and a CDR,,; comprising the amino acid
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sequence of SEQ ID NO: 123 (Chimeric 07F01 CI1028S,
ShO7F01 Hv3-48, ShO7F01 Hv3-48 D28T T60A L63V
E635G).

In some embodiments, the antibody comprises an immu-
noglobulin heavy chain variable region comprising a CDR .,

comprising the amino acid sequence of SEQ ID NO: 15
(12B11) or SEQ ID NO: 33 (12B11), a CDR,,, comprising

the amino acid sequence of SEQ ID NO: 16 (12B11), and a
CDR,,, comprising the amino acid sequence of SEQ ID NO:
17 (12B11).

In some embodiments, the heavy chain variable region
comprises a CDR,,, comprising the amino acid sequence of
SEQ ID NO: 25 (17F06) or SEQ ID NO: 55 (17F06), a
CDR,,, comprising the amino acid sequence of SEQ ID NO:
26 (17F06), and a CDR,; comprising the amino acid
sequence of SEQ ID NO: 27 (17F06).

In some embodiments, the heavy chain variable region
comprises a CDR,,, comprising the amino acid sequence of
SEQ ID NO: 35 (18H09) or SEQ ID NO: 57 (18H09), a
CDR ., comprising the amino acid sequence of SEQ ID NO:
36 (18HO09), and a CDR,,, comprising the amino acid
sequence ol SEQ ID NO: 37 (18H09).

In some embodiments, the heavy chain variable region
comprises a CDR,,, comprising the amino acid sequence of
SEQ ID NO: 45 (29B06), SEQ ID NO: 59 (29B06), or SEQ
ID NO: 126 (Sh29B06 Hv4-39, Hu29B06 Hv4-59 D27G
T30S M48I1167VY78F), aCDR,,, comprising the amino acid
sequence of SEQ ID NO: 46 (29B06), and a CDR ,,;, compris-
ing the amino acid sequence of SEQ ID NO: 47 (29B06).

In some embodiments, the heavy chain variable region
comprises a CDR,,, comprising the amino acid sequence of
SEQ ID NO: 45 (29B06) or SEQ ID NO: 126 (Sh29B06
Hv4-59, Hu29B06 Hv4-359 D27G T30S M481 167V Y78F), a
CDR,,, comprising the amino acid sequence of SEQ ID NO:
46 (29B06), and a CDR,,, comprising the amino acid
sequence of SEQ ID NO: 47 (29B06).

Preferably, the CDR ,,, CDR,,, and CDR ,,, sequences are
interposed between human or humanized immunoglobulin
FRs. The antibody can be an intact antibody or an antigen-
binding antibody fragment.

In some embodiments, the antibody comprises (a) an
immunoglobulin light chain variable region comprising the
structure CDR; ,-CDR,,-CDR; 5, and (b) an immunoglobulin
heavy chain vanable region, wherein the IgG light chain
variable region and the Ig(G heavy chain variable region
together define a single binding site for binding human RON.
A CDR,, comprises an amino acid sequence selected from
the group consisting of SEQ ID NO: 8 (07F01), SEQ ID NO:
18 (12B11), SEQ ID NO: 28 (17F06), SEQ ID NO: 38
(18H09), SEQID NO: 48 (29B06), and SEQ ID NO: 130 (HE
L O7F01 Kv1-9, ShO7F01 Kv1-9 F1); a CDR,, comprises an
amino acid sequence selected from the group consisting of
SEQ ID NO: 9 (07F01), SEQ ID NO: 19 (12B11), SEQ ID
NO: 29 (17F06), SEQ ID NO: 39 (18H09), SEQ ID NO: 49
(29B06), and SEQ ID NO: 131 (HEL 07F01 Kv1-9, ShO7F01
Kv1-9 F1); and a CDR, , comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 10
(07F01), SEQ ID NO: 20 (12B11), SEQ ID NO:30 (17F06),
SEQ ID NO: 40 (18H09), and SEQ 1D NO: 50 (29BO6)

In some embodiments, the antibody comprises an 1immu-
noglobulin light chain Variable region comprising a CDR, ,
comprising the amino acid sequence of SEQ ID NO: 8
(07F01) or SEQ ID NO: 130 (HE L 07F01 Kv1-9, ShO7F01
Kv1-9 F1), a CDR;, comprising the amino acid sequence of
SEQ ID NO: 9 (07F01) or SEQ ID NO: 131 (HE L 07F01
Kv1-9, ShO7F01 Kv1-9 F1), and a CDR,, comprising the
amino acid sequence of SEQ ID NO: 10 (07F01).
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In some embodiments, the antibody Comprises an 1mmu-
noglobuhn light chain Vanable region comprising a CDR,,
comprising the amino acid sequence of SEQ ID NO: 130 (H H
L O7F01 Kv1-9, ShO7F01 Kv1-9 F1); a CDR,, comprising
the amino acid sequence of SEQ ID NO: 131 (HE L 07F01
Kv1-9, ShO7F01 Kv1-9 F1); and a CDR,; comprising the
amino acid sequence of SEQ ID NO: 10 (07F01).

In some embodiments, the antibody comprises an 1immu-
noglobulin light chain variable region comprising a CDR,,
comprising the amino acid sequence of SEQ ID NO: 18

(12B11); a CDR,, comprising the amino acid sequence of
SEQIDNO: 19(12B11); and a CDR, ; comprising the amino

acid sequence of SEQ ID NO: 20 (12B11).

In some embodiments, the antibody comprises an immu-
noglobulin light chain vanable region comprising a CDR,,
comprising the amino acid sequence of SEQ ID NO: 28
(17F06); a CDR,, comprising the amino acid sequence of
SEQ ID NO: 29 (17F06); and a CDR; ; comprising the amino
acid sequence of SEQ ID NO: 30 (17F06).

In some embodiments, the antibody comprises an 1immu-
noglobulin light chain variable region comprising a CDR,,
comprising the amino acid sequence of SEQ ID NO: 38
(18HO09); a CDR, ., comprising the amino acid sequence of

SEQID NO: 39 (18HO09); and a CDR; ; comprising the amino
acid sequence of SEQ ID NO: 40 (18HO09).

In some embodiments, the antibody comprises an immu-
noglobulin light chain vanable region comprising a CDR,,
comprising the amino acid sequence of SEQ ID NO: 48

(29B06); a CDR,, comprising the amino acid sequence of
SEQ ID NO: 49 (29B06); and a CDR, ; comprising the amino

acid sequence of SEQ ID NO: 30 (29B06).

Preferably, the CDR,,, CDR; ,, and CDR, ; sequences are
interposed between human or humanized immunoglobulin
FRs. The antibody can be an intact antibody or an antigen-
binding antibody fragment.

In some embodiments, the antibody comprises: (a) an
immunoglobulin heavy chain variable region comprising the
structure CDR ,,,-CDR ,,,-CDR ,; and (b) an immunoglobu-
lin light chain variable region comprising the structure
CDR, ,-CDR,,-CDR, ,, wherein the heavy chain variable
region and the light chain variable region together define a
single binding site for binding human RON. The CDR,,, 1s an
amino acid sequence selected from the group consisting of
SEQ ID NO: 5 (07F01), SEQ ID NO: 51 (07F01), SEQ ID
NO: 124 (ShO7F01 Hv3-48 D28T T60A L63V E65G), SEQ
ID NO: 15 (12B11), SEQ ID NO: 53 (12B11), SEQ ID NO:
25 (17F06), SEQ ID NO: 55 (17F06), SEQ ID NO: 35
(18HO09), SEQID NO: 57 (18H09), SEQ ID NO: 45 (29B06),
SEQ ID NO: 59 (29B06), and SEQ ID NO: 126 (Sh29B06
Hv4-59, Hu29B06 Hv4-59 D27G T30S M481 167V Y78F);
the CDR ;,, 1s an amino acid sequence selected from the group
consisting SEQ ID NO: 6 (07F01), SEQ ID NO: 16 (12B11),
SEQ ID NO: 26 (17F06), SEQ ID NO: 36 (18H09), SEQ ID
NO: 46 (29B06), and SEQ ID NO: 122 (ShO7FOl Hv3-48
D28T T60A L63V E65G); and the CDR 4 1s an amino acid
sequence selected from the group consisting of SEQ 1D NO:7
(07F01), SEQ ID NO: 17 (12B11), SEQ ID NO: 27 (17F06),
SEQ ID NO: 37 (18H09), SEQ ID NO: 47 (29B06), and SEQ)
ID NO: 123 (Chimeric 07F01 C102S, ShO7F01 Hv3-48,
ShO7F01 Hv3-48 D28T T60A L63V E65G). The CDR, ; 1s an
amino acid sequence selected from the group consisting of
SEQ ID NO: 8 (07F01), SEQ ID NO: 18 (12B11), SEQ ID
NO: 28 (17F06), SEQ ID NO: 38 (18H09), SEQ ID NO: 48
(29B06), and SEQID NO: 130 (HE L 07F01 Kv1-9, ShO7F01
Kv1-9 F1); the CDR;, 1s an amino acid sequence selected
trom the group consisting of SEQ ID NO: 9 (07F01), SEQ ID
NO: 19 (12B11), SEQ ID NO: 29 (17F06), SEQ ID NO: 39
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(18HO09), SEQ ID NO: 49 (29B06), and SEQ ID NO: 131 (HE
L 07F01 Kv1-9, ShO7F01 Kv1-9 F1); and the CDR, , 1s an
amino acid sequence selected from the group consisting of
SEQ ID NO: 10 (07F01), SEQ ID NO: 20 (12B11), SEQ ID
NO: 30 (17F06), SEQ ID NO: 40 (18H09), and SEQ ID NO:
50 (29B06).

The antibodies disclosed herein comprise an immunoglo-
bulin heavy chain vanable region and an immunoglobulin
light chain variable region. In some embodiments, the anti-
body comprises an immunoglobulin heavy chain variable
region selected from the group consisting of SEQ ID NO: 2

(07F01), SEQ ID NO: 12 (12B11), SEQ ID NO: 22 (17F06),
SEQ ID NO: 32 (18H09), SEQ ID NO: 42 (29B06), SEQ ID
NO: 133 (Chimeric 07F01 C102S), SEQ ID NO: 135
(ShO7F01 Hv3-48), SEQ ID NO: 137 (ShO7F01 Hv3-48
D28T T60A L63V E65G), SEQ ID NO: 143 (Sh29B06 Hv4-
59), SEQ ID NO: 145 (Hu29B06 Hv4-59), and SEQ ID NO:
147 (Hu29B06 Hv4-59 D27G T30S M481 167V Y78F), and

an immunoglobulin light chain variable region.
In other embodiments, the antibody comprises an immu-

noglobulin light chain variable region selected from the group
consisting of SEQ ID NO: 4 (07F01), SEQ ID NO: 14

(12B11), SEQ ID NO: 24 (17F06), SEQ 1D NO: 34 (18H09),
SEQ ID NO: 44 (29B06), SEQ ID NO: 139 (HE L 07F01
Kv1-9), SEQ ID NO: 141 (ShO7F01 Kv1-9 F1), and SEQ ID
NO: 149 (Sh29B06 Kv2-28), and an immunoglobulin heavy
chain variable region.

In some embodiments, the antibody comprises an 1mmu-
noglobulin heavy chain variable region selected from the
group consisting of SEQ ID NO: 2 (07F01), SEQ ID NO: 12
(12B11), SEQ ID NO: 22 (17F06), SEQ 1D NO: 32 (18H09),
SEQ ID NO: 42 (29B06), SEQ ID NO: 133 (Chimeric O7F01
C102S), SEQ ID NO: 135 (ShO7F01 Hv3-48), SEQ ID NO:
137 (ShO7F01 Hv3-48 D28T T60A L63V E65G), SEQ ID
NO: 143 (Sh29B06 Hv4-59), SEQ ID NO: 145 (Hu29B06
Hv4-59), and SEQ ID NO: 147 (Hu29B06 Hv4-59 D27G
T30S M481 167V Y'78F), and an immunoglobulin light chain
variable region selected from the group consisting of SEQ ID
NO: 4 (07F01), SEQ ID NO: 14 (12B11), SEQ ID NO: 24
(17F06), SEQ ID NO: 34 (18H09), SEQ ID NO: 44 (29B06),
SEQ ID NO: 139 (HE L 07F01 Kv1-9), SEQ ID NO: 141
(ShO7F01 Kv1-9 F1), and SEQ ID NO: 149 (Sh29B06 Kv2-
28).

In some embodiments, the antibody comprises an 1immu-
noglobulin heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 2 (07F01), and an immunoglo-
bulin light chain variable region comprising the amino acid
sequence of SEQ ID NO: 4 (07F01).

In some embodiments, the antibody comprises an 1immu-
noglobulin heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 12 (12B11), and an immuno-
globulin light chain variable region comprising the amino
acid sequence of SEQ ID NO: 14 (12B11).

In some embodiments, the antibody comprises an immu-
noglobulin heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 22 (17F06), and an 1mmuno-
globulin light chain variable region comprising the amino
acid sequence of SEQ ID NO: 24 (17F06).

In some embodiments, the antibody comprises an 1immu-
noglobulin heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 32 (18H09), and an immuno-
globulin light chain variable region comprising the amino
acid sequence of SEQ ID NO: 34 (18H09).

In some embodiments, the antibody comprises an 1immu-
noglobulin heavy chain variable region comprising the amino

acid sequence of SEQ ID NO: 42 (29B06), and an immuno-
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globulin light chain variable region comprising the amino
acid sequence of SEQ ID NO: 44 (29B06).

In some embodiments, the antibody comprises an 1immu-

noglobulin heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 137 (ShO7F01 Hv3-48 D28T

T60A L63V E63G), and an immunoglobulin light chain vari-

able region comprising the amino acid sequence of SEQ ID
NO: 139 (HE L 07F01 Kv1-9).
In some embodiments, the antibody comprises an immu-

noglobulin heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 147 (Hu29B06 Hv4-39 D27G

T30S M481 167V Y78F), and an immunoglobulin light chain
variable region comprising the amino acid sequence of SEQ)
ID NO: 149 (Sh29B06 Kv2-28).

In certain embodiments, the antibodies disclosed herein
comprise an immunoglobulin heavy chain and an immuno-
globulin light chain. In some embodiments, the antibody

comprises an immunoglobulin heavy chain selected from the
group consisting of SEQ ID NO: 93 (07F01), SEQID NQO: 97
(12B11), SEQ ID NO: 101 (17F06), SEQ ID NO: 105
(18HO09), SEQ ID NO: 109 (29B06), SEQ ID NO: 156 (Chai-
meric 07F01 C102S I1gG1), SEQ ID NO: 160 (Chimeric
29B06 I1gG1), SEQ ID NO: 164 (ShO7F01 Hv3-48 IgGl),
SEQID NO: 166 (ShO7F01 Hv3-48 D28T T60A L63V E635G
IgG1), SEQ ID NO: 172 (Sh29B06 Hv4-39 1gG1), SEQ ID
NO: 174 (Hu29B06 Hv4-59 1gG1), and SEQ ID NO: 176
(Hu29B06 Hv4-39 D27G T305 M481167V Y78F 1giG1), and
an immunoglobulin light chain.

In other embodiments, the antibody comprises an immu-
noglobulin light chain selected from the group consisting of
SEQ ID NO: 95 (07F01), SEQ ID NO: 99 (12B11), SEQ ID
NO: 103 (17F06), SEQ ID NO: 107 (18H09), SEQ ID NO:
111 (29B06), SEQ ID NO: 158 (Chimeric 07F01 Kappa),
SEQID NO: 162 (Chimeric 29B06 Kappa), SEQ ID NO: 168
(HE L 07F01 Kv1-9 Kappa), SEQ ID NO: 170 (ShO7F01
Kv1-9 ul Kappa), and SEQ ID NO: 178 (Sh29B06 Kv2-28
Kappa), and an immunoglobulin heavy chain.

In some embodiments, the antibody comprises (1) an
immunoglobulin heavy chain selected from the group con-
sisting of SEQ ID NO: 93 (07F01), SEQ ID NO: 97 (12B11),
SEQ ID NO: 101 (17F06), SEQ ID NO: 105 (18H09), SEQ
ID NO: 109 (29B06), SEQ ID NO: 156 (Chimeric 07F01
C102S IgGl), SEQ ID NO: 160 (Chimeric 29B06 IgG1),
SEQ ID NO: 164 (ShO7F01 Hv3-48 IgG1), SEQ ID NO: 166
(ShO7F01 Hv3-48 D28T T60A L63V E65G 1gGGl), SEQ ID
NO: 172 (Sh29B06 Hv4-39 I1gGl), SEQ ID NO: 174
(Hu29B06 Hv4-59 1gG1), and SEQ ID NO: 176 (Hu29B06
Hv4-59 D27G T30S M48I 167V Y78F IgGl), and (11) an
immunoglobulin light chain selected from the group consist-
ing of SEQ ID NO: 95 (07F01), SEQ ID NO: 99 (12B11),
SEQ ID NO: 103 (17F06), SEQ ID NO: 107 (18H09), SEQ
ID NO: 111 (29B06), SEQ ID NO: 138 (Chimeric 07F01
Kappa), SEQ ID NO: 162 (Chimeric 29B06 Kappa), SEQ ID
NO: 168 (HE L 07F01 Kv1-9 Kappa), SEQ ID NO: 170
(Sh07F01 Kv1-9 F1 Kappa), and SEQ ID NO: 178 (Sh29B06
Kv2-28 Kappa).

In some embodiments, the antibody comprises an immu-
noglobulin heavy chain comprising the amino acid sequence
of SEQ ID NO: 93 (07F01), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO: 95
(07F01).

In some embodiments, the antibody comprises an 1immu-
noglobulin heavy chain comprising the amino acid sequence
of SEQ ID NO: 97 (12B11), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO: 99
(12B11).
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In some embodiments, the antibody comprises an immu-
noglobulin heavy chain comprising the amino acid sequence
of SEQ ID NO: 101 (17F06), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO:
103 (17F06).

In some embodiments, the antibody comprises an 1immu-
noglobulin heavy chain comprising the amino acid sequence
of SEQ ID NO: 105 (18H09), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO:
107 (18HO9).

In some embodiments, the antibody comprises an immu-
noglobulin heavy chain comprising the amino acid sequence
of SEQ ID NO: 109 (29B06), and an immunoglobulin light
chain comprising the amino acid sequence of SEQ ID NO:
111 (29B06).

In some embodiments, the antibody comprises an immu-
noglobulin heavy chain comprising the amino acid sequence
of SEQ ID NO: 166 (Sh07F01 Hv3-48 D28T T60A L63V
E65G Ig(Gl), and an immunoglobulin light chain comprising
the amino acid sequence of SEQ ID NO: 168 (HE L 07F01
Kv1-9 Kappa).

In some embodiments, the antibody comprises an 1immu-
noglobulin heavy chain comprising the amino acid sequence
of SEQ ID NO: 176 (Hu29B06 Hv4-59 D27G T30S M48I
167V Y78F 1g(G1), and an immunoglobulin light chain com-
prising the amino acid sequence of SEQ ID NO: 178
(Sh29B06 Kv2-28 Kappa).

In certain embodiments, an i1solated antibody that binds
human RON comprises an immunoglobulin heavy chain vari-
able region comprising an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% identical to
the entire variable region or the framework region sequence
of SEQ ID NO: 2 (07F01), SEQID NO: 12 (12B11), SEQ ID
NO: 22 (17F06), SEQ ID NO: 32 (18H09), SEQ ID NO: 42
(29B06), SEQ ID NO: 133 (Chimeric 07F01 C102S), SEQ ID
NO: 135 (ShO7F01 Hv3-48), SEQ ID NO: 137 (ShO7F01
Hv3-48 D28T T60A L63V E65G), SEQ ID NO: 143
(Sh29B06 Hv4-59), SEQ ID NO: 145 (Hu29B06 Hv4-59), or
SEQ ID NO: 147 (Hu29B06 Hv4-59 D27G T30S M481167V
Y'78F).

In certain embodiments, an isolated antibody that binds
human RON comprises an immunoglobulin light chain vari-
able region comprising an amino acid sequence that 1s at least
70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% identical to
the entire variable region or the framework region sequence
of SEQ ID NO: 4 (07F01), SEQ ID NO: 14 (12B11), SEQ ID
NO: 24 (17F06), SEQ ID NO: 34 (18HO09), SEQ ID NO: 44
(29B06), SEQ ID NO: 139 (HE L 07F01 Kv1-9), SEQ ID
NO: 141 (ShO7F01 Kv1-9F1), or SEQID NO: 149 (Sh29B06
Kv2-28).

Homology or identity may be determined 1n various ways
that are within the skill in the art, for instance, using publicly
available computer software such as BLAST, BLAST-2,
ALIGN or Megalign (DNASTAR) software. BLAST (Basic
Local Alignment Search Tool) analysis using the algorithm
employed by the programs blastp, blastn, blastx, thlastn and

tblastx (Karlin et al., (1990) Proc. NartL. Acap. Scr. USA 87,
2264-2268; Altschul, (1993) J. MoL. EvoL. 36, 290-300; Alts-
chul et al., (1997) NucLeic Acips REs. 25, 3389-3402, 1ncor-
porated by reference) are tailored for sequence similarity
searching. The approach used by the BLAST program 1s to
first consider similar segments between a query sequence and
a database sequence, then to evaluate the statistical signifi-
cance of all matches that are identified and finally to summa-
rize only those matches which satisiy a preselected threshold
of significance. For a discussion of basic 1ssues 1n similarity
searching of sequence databases see Altschul et al., (1994)
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NaTURE GENETICS 6, 119-129 which 1s fully incorporated by
reference. Those skilled 1n the art can determine appropriate
parameters for measuring alignment, including any algo-
rithms needed to achieve maximal alignment over the full
length of the sequences being compared. The search param-
eters for histogram, descriptions, alignments, expect (1.¢., the
statistical significance threshold for reporting matches
against database sequences), cutoll, matrix and filter are at the
default settings. The default scoring matrix used by blastp,

blastx, tblastn, and tblastx 1s the BLOSUMG62 matrix (Heni-
kol et al., (1992) Proc. NaTL. Acap. Sc1. USA 89, 10915-

10919, tully incorporated by reference). Four blastn param-
cters may be adjusted as follows: Q=10 (gap creation
penalty); R=10 (gap extension penalty); wink=1 (generates
word hits at every wink.sup.th position along the query); and
gapw=16 (sets the window width within which gapped align-
ments are generated). The equivalent Blastp parameter set-
tings may be Q=9; R=2; wink=1; and gapw=32. Searches
may also be conducted using the NCBI (National Center for
Biotechnology Information) BLAST Advanced Option

parameter (e.g.: -G, Cost to open gap [Integer]: default=5 for
nucleotides/11 for proteins; -E, Cost to extend gap [Integer]:
default=2 for nucleotides/1 for proteins; -q, Penalty for nucle-
otide mismatch [Integer]: default=-3; -r, reward for nucle-
otide match [Integer]: default=1; -e, expect value [Real]:
default=10; -W, wordsize [Integer]: default=11 for nucle-
otides/28 for megablast/3 for proteins; -y, propoil (X) for
blast extensions 1n bits: default=20 for blastn/7 for others; -X,
X dropotf value for gapped alignment (1n bits): default=15 for
all programs, not applicable to blastn; and -Z, final X dropoif
value for gapped alignment (in bits): 50 for blastn, 25 for
others). Clustal W for pairwise protein alignments may also
be used (default parameters may include, ¢.g., Blosum62
matrix and Gap Opening Penalty=10 and Gap Extension Pen-
alty=0.1). A Bestlit comparison between sequences, available
in the GCG package version 10.0, uses DNA parameters
GAP=50 (gap creation penalty) and LEN=3 (gap extension
penalty) and the equivalent settings 1n protein comparisons
are GAP=8 and LEN=2.

In each of the foregoing embodiments, it 1s contemplated
herein that immunoglobulin heavy chain variable region
sequences and/or light chain variable region sequences that
together bind human RON may contain amino acid alter-
ations (e.g., atleast 1, 2,3, 4, 3, or 10 amino acid substitutions,
deletions, or additions) in the framework regions of the heavy
and/or light chain variable regions.

In certain embodiments, the antibody binds human RON
with a K, of 1 nM, 900 pM, 750 pM, 650 pM, 600 pM, 500
pM, 400 pM, 300 pM, 250 pM, 200 pM, 150 pM, 100 pM, 50
pM or lower. Unless otherwise specified, K , values are deter-
mined by surface plasmon resonance methods under the con-

ditions described in Examples 5 and 14.
Antibody Sh29B06-78 binds human RON withaK ,, 01500

pM, 250 pM, 200 pM, 150 pM, 100 pM or lower as measured
by surface plasmon resonance methods under the conditions
described 1n Examples 5 and 14. In an exemplary embodi-
ment, antibody Sh29B06-78 binds human RON with a K, of
150 pM or lower as measured by surface plasmon resonance

methods at 37° C. under the conditions described in Examples
S and 14.

Antibody SHO7F01-62 binds human RON with a K, of
S00pM, 400 pM, 350 pM, 300 pM, 250 pM, 200 pM, 150 pM,
100 pM or lower as measured by surface plasmon resonance
methods under the conditions described in Examples 5 and
14. In an exemplary embodiment, antibody SHO7F01-62

binds human RON with a K, of 250 pM to 350 pM or lower
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as measured by surface plasmon resonance methods at 37° C.
under the conditions described 1mn Examples 5 and 14.

In certain embodiments, the antibodies inhibit human MSP
binding to human RON. For example, the antibodies can have
an IC., (concentration at 50% of maximum inhibition) of
about 5 nM, 2 nM, 1 nM or lower, when assayed using the
protocol described in Examples 8 and 13.

Although the embodiments illustrated 1in the Examples
comprise pairs ol variable regions, pairs of full length anti-
body chains, or pairs of CDR1, CDR2 and CDR3 regions, one
from a heavy chain and one from a light chain, a skilled
artisan will recognize that alternative embodiments may com-
prise single heavy chain variable regions or single light chain
variable regions, single full length antibody chains, or CDRI1,
CDR2 and CDR3 regions from one antibody chain, either

heavy or light. The single variable region, full length antibody
chain or CDR1, CDR2 and CDR3 region of one chain can be

used to screen for corresponding domains in another chain,
the two chains capable of forming an antibody that binds
antigen. The screening may be accomplished by phage dis-

play screening methods using, e.g., a hierarchical dual com-
binatorial approach disclosed in PCT Publ. No. WQO92/
01047. In this approach, an individual colony containing
either a heavy or light chain clone 1s used to infect a complete
library of clones encoding the other chain (light or heavy),
and the resulting two-chain specific antigen-binding domain
1s selected 1n accordance with phage display techniques as

described.
II. Production of Antibodies

Methods for producing antibodies, such as those disclosed
herein, are known 1n the art. For example, DNA molecules
encoding light chain variable regions and/or heavy chain
variable regions can be chemically synthesized using the
sequence mnformation provided herein. Synthetic DNA mol-
ecules can be ligated to other appropriate nucleotide
sequences, including, e.g., constant region coding sequences,
and expression control sequences, to produce conventional
gene expression constructs encoding the desired antibodies.
Production of defined gene constructs 1s within routine skill
in the art. Alternatively, the sequences provided herein can be
cloned out of hybridomas by conventional hybridization tech-
niques or polymerase chain reaction (PCR) techniques, using
synthetic nucleic acid probes whose sequences are based on
sequence mnformation provided herein, or prior art sequence
information regarding genes encoding the heavy and light
chains of murine antibodies 1in hybridoma cells.

Nucleic acids encoding desired antibodies can be incorpo-
rated (ligated) 1into expression vectors, which can be intro-
duced 1nto host cells through conventional transfection or
transformation techniques. Exemplary host cells are E. coli
cells, Chinese hamster ovary (CHO) cells, human embryonic
kidney 293 (HEK 293) cells, Hel a cells, baby hamster kidney
(BHK) cells, monkey kidney cells (COS), human hepatocel-
lular carcinoma cells (e.g., Hep G2), and myeloma cells that
do not otherwise produce IgG protein. Transformed host cells
can be grown under conditions that permit the host cells to
express the genes that encode the immunoglobulin light and/
or heavy chain variable regions.

Specific expression and purification conditions will vary
depending upon the expression system employed. For
example, 11 a gene 1s to be expressed in £, coli, 1t1s first cloned
into an expression vector by positioning the engineered gene
downstream from a suitable bacterial promoter, e.g., Trp or
Tac, and a prokaryotic signal sequence. The expressed
secreted protein accumulates in refractile or inclusion bodies,
and can be harvested after disruption of the cells by French
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press or sonication. The refractile bodies then are solubilized,
and the proteins refolded and cleaved by methods known 1n
the art.

If the engineered gene 1s to be expressed 1n eukayotic host
cells, e.g., CHO cells, i1t 1s first inserted 1nto an expression
vector containing a suitable eukaryotic promoter, a secretion
signal, IgG enhancers, and various introns. This expression
vector optionally contains sequences encoding all or partof a
constant region, enabling an entire, or a part of, a heavy or
light chain to be expressed. The gene construct can be 1ntro-
duced into eukaryotic host cells using conventional tech-
niques. The host cells express V, or V., fragments, V.-V,
heterodimers, V-V, or V.-V, single chain polypeptides,
complete heavy or light immunoglobulin chains, or portions
thereot, each of which may be attached to a moiety having
another function (e.g., cytotoxicity). In some embodiments, a
host cell 1s transfected with a single vector expressing a
polypeptide expressing an entire, or part of, a heavy chain
(e.g., a heavy chain variable region) or a light chain (e.g., a
light chain variable region). In other embodiments, a host cell
1s transiected with a single vector encoding (a) a polypeptide
comprising a heavy chain variable region and a polypeptide
comprising a light chain variable region, or (b) an entire
immunoglobulin heavy chain and an entire immunoglobulin
light chain. In still other embodiments, a host cell 1s co-
transfected with more than one expression vector (e.g., one
expression vector expressing a polypeptide comprising an
entire, or part of, a heavy chain or heavy chain variable region,
and another expression vector expressing a polypeptide com-
prising an entire, or part of, a light chain or light chain variable
region).

A polypeptide comprising an immunoglobulin heavy chain
variable region or light chain variable region can be produced
by growing a host cell transfected with an expression vector
encoding such variable region, under conditions that permait
expression of the polypeptide. Following expression, the
polypeptide can be harvested and purified using techniques
well known 1n the art, e.g., affinity tags such as glutathione-
S-transierase (GST) and histidine tags.

A monoclonal antibody that binds human RON, or an
antigen-binding fragment of the antibody, can be produced by
growing a host cell transtected with: (a) an expression vector
that encodes a complete or partial immunoglobulin heavy
chain, and a separate expression vector that encodes a com-
plete or partial immunoglobulin light chain; or (b) a single
expression vector that encodes both chains (e.g., complete or
partial heavy and light chains), under conditions that permit
expression of both chains. The mtact antibody (or antigen-
binding fragment) can be harvested and purified using tech-
niques well known 1 the art, e.g., Protein A, Protein G,
allinity tags such as glutathione-S-transterase (GS'T) and his-
tidine tags. It 1s within ordinary skill 1n the art to express the
heavy chain and the light chain from a single expression
vector or from two separate expression vectors.

I1I. Antibody Modifications

Methods for reducing or eliminating the antigenicity of
antibodies and antibody fragments are known in the art. When
the antibodies are to be administered to a human, the antibod-
ies preferably are “humanized” to reduce or eliminate anti-
genicity 1n humans. Preferably, the humanized antibodies
have the same or substantially the same affinity for the antigen
as the non-humanized mouse antibody from which 1t was
derived.

In one humanization approach, chimeric proteins are cre-
ated 1n which mouse immunoglobulin constant regions are
replaced with human immunoglobulin constant regions. See,

¢.g., Morrison et al., 1984, Proc. Nat. Acap. Sci. 81:6851-
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6855, Neuberger et al., 1984, Nature 312:604-608; U.S. Pat.
Nos. 6,893,625 (Robinson); 35,500,362 (Robinson); and
4,816,567 (Cabilly).

In an approach known as CDR gratting, the CDRs of the
light and heavy chain variable regions are grafted into frame-
works from another species. For example, murine CDRs can
be graited into human FRs. In some embodiments, the CDRs
of the light and heavy chain variable regions of an anti-RON
antibody are grafted into human FRs or consensus human
FRs. To create consensus human FRs, FRs from several
human heavy chain or light chain amino acid sequences are
aligned to i1dentily a consensus amino acid sequence. CDR
grafting 1s described 1n U.S. Pat. Nos. 7,022,500 (Queen);
6,982,321 (Winter); 6,180,370 (Queen); 6,054,297 (Carter);
5,693,762 (Queen); 5,859,205 (Adair); 5,693,761 (Queen);
5,565,332 (Hoogenboom); 5,585,089 (Queen); 5,530,101
(Queen); Jones et al. (1986) Nature 321: 522-523; Riech-
mann et al. (1988) Narure 332: 323-327; Verhoeyen et al.
(1988) Science 239: 1534-1336; and Winter (1998) Feps LETT
430: 92-94.

In an approach called “SUPERHUMANIZATIONT™ >
human CDR sequences are chosen from human germline
genes, based on the structural similarity of the human CDRs
to those of the mouse antibody to be humanized. See, e.g.,
U.S. Pat. No. 6,881,557 (Foote); and Tan et al., 2002, J.
ImmunNoL. 169:1119-1125.

Other methods to reduce immunogenicity include “reshap-
ing,” “hyperchimerization,” and ‘“veneering/resurfacing.”

See, e.g., Vaswami et al., 1998, ANNALS OF ALLERGY, ASTHMA, &
ImMunoL. 81:1035; Roguska et al., 1996, ProT. ENGINEER 9:895-

904; and U.S. Pat. No. 6,072,035 (Hardman). In the veneer-
ing/resurfacing approach, the surface accessible amino acid
residues 1n the murine antibody are replaced by amino acid
residues more frequently found at the same positions 1n a
human antibody. This type of antibody resurfacing 1is
described, e.g., in U.S. Pat. No. 5,639,641 (Pedersen).

Another approach for converting a mouse antibody into a
form suitable for medical use 1 humans 1s known as
ACTIVMAB™ technology (Vaccinex, Inc., Rochester,
N.Y.), which imnvolves a vaccinia virus-based vector to express
antibodies 1n mammalian cells. High levels of combinatorial
diversity of IgG heavy and light chains are said to be pro-
duced. See, e.g., U.S. Pat. Nos. 6,706,477 (Zauderer); 6,800,
442 (Zauderer); and 6,872,518 (Zauderer).

Another approach for converting a mouse antibody into a
form suitable for use 1n humans 1s technology practiced com-
mercially by KaloBios Pharmaceuticals, Inc. (Palo Alto,
Calif.). This technology involves the use of a proprietary
human *“‘acceptor” library to produce an “epitope focused”
library for antibody selection.

Another approach for modifying a mouse antibody into a
form suitable for medical use in humans 1s HUMAN ENGI-
NEERING™ technology, which 1s practiced commercially
by XOMA (US) LLC. See, e.g., PCT Publication No. WO
03/11794 and U.S. Pat. Nos. 5,766,886 (Studnicka); 5,770,
196 (Studnicka); 5,821,123 (Studnicka); and 5,869,619
(Studnicka).

Any suitable approach, including any of the above
approaches, can be used to reduce or eliminate human 1immu-
nogenicity of an antibody.

In addition, 1t 1s possible to create fully human antibodies
in mice. Fully human mAbs lacking any non-human
sequences can be prepared from human immunoglobulin
transgenic mice by techniques referenced in, e.g., Lonberg et
al., NaTURE 368:856-859, 1994: Fishwild et al., NaTure Bio-
TECHNOLOGY 14:845-851, 1996; and Mendez et al., NATURE
GENETICS 15:146-156, 1997. Human mAbs can also be pre-




US 8,603,478 B2

15

pared and optimized from phage display libraries by tech-
niques referenced 1n, e.g., Knappik et al., J. MoL. BioL. 296;
57-86, 2000; and Krebs et al., J. Immunol. Meth. 254:67-84
2001).

If the antibody 1s for use as a therapeutic, 1t can be conju-
gated to an effector agent such as a small molecule toxin or a
radionuclide using standard in vitro conjugation chemaistries.
If the effector agent 1s a polypeptide, the antibody can be
chemically conjugated to the effector or joined to the effector
as a fusion protein. Construction of fusion proteins 1s within
ordinary skill in the art.

IV. Use of Antibodies

The antibodies disclosed herein can be used to treat various
forms of cancer, e.g., non-small cell lung cancer, breast, ova-
rian, prostate, cervical, colorectal, lung, pancreatic, gastric,
and head and neck cancers. The cancer cells are exposed to a
therapeutically effective amount of the antibody so as to
inhibit or reduce proliferation of the cancer cell. In some
embodiments, the antibodies 1inhibit cancer cell proliferation
by atleast 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, 99%,
or 100%.

In some embodiments, the antibody (e.g., 07F01, 29B06,
17F06, 18HO09, 12B11, sh29B06, shO7F01) inlibits or
reduces proliferation of a tumor cell by inhibiting binding of

human RON to 1ts ligand, MSP. In some embodiments, the
antibody (e.g., 07F01, 29B06, 17F06, 18HO09, 12Bl11,
sh29B06, shO7F01) inhibits or reduces proliferation of a
tumor cell without inhibiting RON binding to MSP. The anti-
body (e.g., 07F01, 29B06, 17F06, 18HO09, 12B11, sh29B06,
shO7F01) can also be used in therapy. The antibody (e.g.,
07F01, 29B06, 17F06, 18HO09, 12B11, sh29B06, sh07F01)
can be used to inhibit tumor growth 1 a mammal (e.g., a
human patient). In some embodiments, use of the antibody to
inhibit tumor growth 1n a mammal comprises administering
to the mammal a therapeutically effective amount of the anti-
body.

In certain embodiments, antibody sh29B06-78 1s used in
therapy. For example, antibody sh29B06-78 can be used for
inhibiting or reducing proliferation of a tumor cell. Antibody
sh29B06-78 can also be used for inhibiting or reducing tumor
growth 1n a mammal.

In other embodiments, antibody shO/7F01-62 1s used in
therapy. For example, antibody shO7F01-62 can be used for
inhibiting or reducing proliferation of a tumor cell. Antibody
sh07F01-62 can also be used for inhibiting or reducing tumor
growth 1n a mammal.

Cancers associated with overexpression or mappropriate
activation ol RON include non-small cell lung cancer, breast
cancer, ovarian cancer, prostate cancer, lung cancer, colorec-
tal cancer, pancreatic cancer, bladder cancer, and some forms
of brain cancer, melanomas, and gastrointestinal cancers.

As used herein, “treat,” “treating” and “treatment” mean
the treatment of a disease 1n a mammal, €.g., 1n a human. This
includes: (a) inhibiting the disease, 1.e., arresting 1ts develop-
ment; and (b) relieving the disease, 1.e., causing regression of
the disease state.

Generally, a therapeutically effective amount of active
component 1s 1 the range of 0.1 mg/kg to 100 mg/kg, e.g., 1
mg/kg to 100 mg/kg, 1 mg/kg to 10 mg/kg. The amount
administered will depend on variables such as the type and
extent of disease or indication to be treated, the overall health
ol the patient, the 1n vivo potency of the antibody, the phar-
maceutical formulation, and the route of administration. The
initial dosage can be increased beyond the upper level 1n order
to rapidly achieve the desired blood-level or tissue level.
Alternatively, the mitial dosage can be smaller than the opti-

mum, and the dosage may be progressively increased during,
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the course of treatment. Human dosage can be optimized,
¢.g., In a conventional Phase I dose escalation study designed

to run from 0.5 mg/kg to 20 mg/kg. Dosing frequency can
vary, depending on factors such as route of administration,
dosage amount and the disease being treated. Exemplary
dosing frequencies are once per day, once per week and once
every two weeks. In some embodiments, dosing 1s once every
two weeks. A preferred route of administration 1s parenteral,
¢.g., intravenous infusion. Formulation of monoclonal anti-
body-based drugs 1s within ordinary skill 1n the art. In some
embodiments, the antibody 1s lyophilized and reconstituted in
buffered saline at the time of administration.

For therapeutic use, an antibody preferably 1s combined
with a pharmaceutically acceptable carrier. As used herein,
“pharmaceutically acceptable carrier” means builers, carri-
ers, and excipients suitable for use 1n contact with the tissues
of human beings and animals without excessive toxicity, irri-
tation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio. The car-
rier(s) should be “acceptable” 1n the sense of being compat-
ible with the other ingredients of the formulations and not
deleterious to the recipient. Pharmaceutically acceptable car-
riers include buffers, solvents, dispersion media, coatings,
1sotonic and absorption delaying agents, and the like, that are
compatible with pharmaceutical administration. The use of
such media and agents for pharmaceutically active substances
1s known 1n the art.

Pharmaceutical compositions containing antibodies, such
as those disclosed herein, can be presented 1n a dosage unit
form and can be prepared by any suitable method. A pharma-
ceutical composition should be formulated to be compatible
with its intended route of administration. Examples of routes
of administration are intravenous (IV), intradermal, 1nhala-
tion, transdermal, topical, transmucosal, and rectal adminis-
tration. A preferred route of administration for monoclonal
antibodies 1s IV 1nfusion. Useful formulations can be pre-
pared by methods well known in the pharmaceutical art. For
example, see Remington’s Pharmaceutical Sciences, 18thed.
(Mack Publishing Company, 1990). Formulation compo-
nents suitable for parenteral administration include a sterile
diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcohol
or methyl paraben; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as EDTA; bulfers
such as acetates, citrates or phosphates; and agents for the
adjustment of tonicity such as sodium chloride or dextrose.

For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL.™
(BASE, Parsippany, N.I.) or phosphate buifered saline (PBS).
The carrier should be stable under the conditions of manu-
facture and storage, and should be preserved against micro-
organisms. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol),
and suitable mixtures thereof.

Pharmaceutical formulations preferably are sterile. Steril-
ization can be accomplished, for example, by filtration
through sterile filtration membranes. Where the composition
1s lyophilized, filter sterilization can be conducted prior to or
tollowing lyophilization and reconstitution.

EXAMPLES

The following Examples are merely illustrative and are not
intended to limat the scope or content of the invention in any
way.
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Example 1

Production of Human RON Extracellular Domain
(ECD)

This Example describes the production of the antigen,
hRON ECD protein. The use of the full length ECD as the
immunogen, allowed for the selection of two classes of hybri-
domas: (a) those producing antibodies that interact with the
ligand binding domain, thereby inhibiting contact of the
ligand to the receptor; and (b) those producing antibodies that
bind outside the ligand binding domain, thereby inhibiting the
receptor functions through mechanisms other than inhibition
of ligand binding.

DNA encoding the extracellular domain of human RON
(hRON ECD) (ref seq. NM__002447) was amplified by PCR
and subcloned using the Xmal/EcoRI restriction sites 1in-
frame 1nto the pEE14.4 vector (Lonza, Basel, Switzerland)
contaiming THXmFC (Thrombin/His tag/Factor Xa-Al
mouse 1gG-Fc), to produce a fusion protein. The resulting
clone was linearized using the Pvul enzyme (NEBiolabs, Cat.
No. RO150), then electroporated mto CHO KI1SVcells
(Lonza). The electroporated cells were diluted in 200 ml CD
CHO media (Gibco Cat. No. 10743-011). The next day, CD
CHO media containing methionine sulfoximine (MSX) for a
final concentration of 50 uM was added to the cells. After four
weeks, positive clones were selected by sandwich ELISA in
which the mmmobilized antibody was commercial mono-
clonal anti-hRON antibody MAB691 (R&D Systems), and
the detection antibody was commercial polyclonal anti-
hRON antibody AF691 (R&D Systems). Positive clones were
re-transfected using LIPOFECTAMINE™ 2000 1n a standard
protocol. Cells were aliquoted 1nto four separate shaker tlasks
and selected using 50 uM, 100 uM, 200 uM, and 400 uM
MSX. After two weeks of selection, the individual flasks were
checked for hRON-ECD protein expression by ELISA. The
highest selection pressure, 400 uM MSX, yielded good pro-
tein expression and was chosen for scale-up and purification.
Cells were grown for 2 weeks at 37° C. in BELLOCELL®
bottles (Bellco Glass, Vineland, N.J.) at a concentration of
2-2.5x10° cells/ml in CD CHO media, with a final concen-
tration of 80 uM MSX for protein production. The resulting
cells were spun down 1n 500 ml conical tubes for 15 minutes.
The supernatant was filtered using vacuum filtration using a
0.45 micron filter and then a 0.22 micron filter. The protein
was then batch bound to PROSEP®-A beads (Millipore) at 4°
C. overmight with rotation after adjusting the pH to 7.5. The
beads were washed with 1xPBS and loaded onto disposable
protein A affimty columns (Bio-Rad ECONO-PAC® col-
umns; Bio-Rad cat. No. 732-1010). The beads were washed
with 10 column volumes (CV) of glycine binding buffer (3M
glycine ph 9.0, 1M NaCl). The protein was then eluted off the
columnusing 5-10 CV o1 200 mM glycine pH 2.5 acid elution
butler. The samples were then neutralized using 1.3 mL of 1.0

M Tris pH 8.0 neutralization bufler concentrated using
VIVASPIN® concentrators (Sartorius Stedim Biotech).

Example 2

Ant1-RON Antibodies

This Example describes the production of anti-hRON
monoclonal antibodies. Immunizations, fusions, and primary
screens were conducted at Maine Biotechnology Services
Inc. (Portland, Me.), following the Repetitive Immunization
Multiple Sites (RIMMS) protocol. Five AJ mice and five

Balb/c mice were immunized with recombinant human RON
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extracellular domain (hRON-ECD). Two Balb/c mice with
sera displaying the highest anti-RON activity by Enzyme
Linked Immunosorbent Assay (ELISA) were chosen for sub-
sequent fusion. Spleens and lymph nodes from the appropri-
ate mice were harvested. B-cells were harvested and fused
with a myeloma line. Fusion products were serially diluted
onto forty 96-well plates to near clonality.

Approximately 4,000 supernatants from the cell fusions
were screened by ELISA for binding to recombinant hRON-
ECD. A total of 138 supernatants containing antibodies
against RON were further characterized by 1n vitro biochemi-
cal and cell-based assays, as described below. A panel of
hybridomas was selected, subcloned and expanded. Hybri-
doma cell lines were transierred to BioXCell (West Lebanon,
N.H.) for antibody expression and purification by affinity
chromatography on Protein G resin, under standard condi-
tions.

Example 3
Screening Assays

A biochemical assay was carried out to 1dentify antibodies
that inhibit ligand binding. A cell-based assay was carried out
to 1dentily antibodies that inhibit MSP induced phosphoERK
downstream signaling of the receptor. Antibodies that inhib-
ited RON mediated cellular signaling were selected for fur-
ther characterization regardless of whether they blocked
ligand binding 1n the neutralization assay.

The biochemical neutralization assay measures mnhibition
of MSP binding to hRON by antibodies in hybridoma super-
natants, using electrochemiluminescence (ECL). MA2400
96-well ligh binding plates (Meso Scale Discovery) were
coated with 25 ul of 0.42 ug/ml. hRON SEMA+PSI (an
N-terminal portion of the ECD of hRON; R&D Systems) in
PBS for one hour at room temperature with agitation. The
plates were washed four times with PBS+0.1% TWEEN-20®
(PBST), and blocked with 150 ul of charcoal-stripped fetal
bovine serum (FBS) (Gibco). The hybridoma supernatant
were added and incubated for 45 minutes at room tempera-
ture. After incubation, 5 ul of MSP (3 ng/mL) in charcoal
stripped FBS was added to each well, and incubated for 45
minutes. The plate was washed four times with PBST, and 25
uwl of 1 ug/mL biotinylated anti-MSP antibody (R&D Sys-
tems) was added to the plates for one hour at room tempera-
ture with agitation. The plates were washed four times with
PBST, and incubated with 25 ul of 1 ng/mlL ST-streptavidin
(Meso Scale Discovery) for one hour at room temperature
with agitation. The plates were washed four times with PBST,
and 150 ul read buifer (Meso Scale Discovery) was added to

cach well before the plates were analyzed on a SECTOR®
IMAGER 2400 (Meso Scale Discovery) instrument. Anti-

bodies 07F01, 18HO9 and 29B06 each blocked MSP binding
to hRON SEMA+PSI 1n this neutralization assay.

In the cell-based assay, antibodies 1in the hybridoma super-
natant were tested for mhibition of MSP-induced phospho-
rylation of ERK, which 1s a RON downstream signaling mol-
ecule. T47D cells were cultured 1n 96-well plates in RPMI
1640+10% FBS+ 1nsulin. Medium was removed, and cells
were 1ncubated 1n serum-iree medium for 24 hours. Hybri-
doma supernatants containing RON antibodies were added to
the cells at a dilution of 1:4 in-serum-iree medium, and incu-
bated for one hour at 37° C. MSP (5 nM) was added to the
wells and incubated for 15 minutes. Medium was removed,
and cells were fixed 1 4% paratormaldehyde (PFA) in PBS.
Total ERK and phospho-ERK were measured according to

the vendor’s mstructions (R&D Systems, DY 1018). Antibod-
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ies O7F01, 12B11, 17F06, 18H0O9 and 29B06 each inhibited
MSP induced ERK phosphorylation in T47D cells.

As discussed herein (see Examples 8 and 9), antibodies
07F01,12B11, 17F06, 18HO9 and 29B06 each inhibited MSP
induced ERK phosphorylation in'T47D cells, while only anti-
bodies 07F01, 18HO9 and 29B06 each blocked MSP binding
to hRON SEMA+PSI 1n the neutralization assay. This sug-
gests that antibodies 12B11 and 17F06 do not neutralize
binding of MSP to the hRON SEMA+PSI domain, neutralize
binding of MSP to RON 1n the context of the full RON

extracellular domain, or function by a mechanism other than
blocking MSP binding to RON.

Example 4
Antibody Sequence Analysis

The light chain 1sotype and heavy chain 1sotype of each
monoclonal antibody 1n Example 2 was determined using the
ISOSTRIP™ Mouse Monoclonal Antibody Isotyping Kit
according the kit vendor’s instructions (Roche Applied Sci-
ence, Indianapolis, Ind.). All antibodies were found to be
kappa or lambda light chain and IgG1 or IgG2a heavy chain.

The heavy and light chain variable regions of the mouse

[ 1

monoclonal antibodies were sequenced using 5' RACE
(Rapid Amplification of ¢cDNA Ends). Total RNA wa
extracted from each monoclonal hybridoma cell line using
the RNEASY® Miniprep kit according to the kit vendor’s
istructions ((Q1agen, Valencia, Calif.). Full-length first strand
cDNA contaiming 3' ends was generated using either the
GENERACER™ Kit (Invitrogen, Carlsbad, Calif.) or
SMARTER™ RACE cDNA Amplification Kit (Clontech,
Mountain View, Calil.) according to the kit vendor’s instruc-
tions using random primers for 5' RACE.

The variable regions of the light (kappa or lambda) and

heavy (IgG1 or IgG2b) chains were amplified by PCR, using
KOD Hot Start Polymerase (EMD Chemicals, Gibbstown,

N.I.), Expand High Fidelity PCR System (Roche Applied
Science), or Advantage 2 Polymerase Mix (Clontech) accord-
ing to the kit vendor’s instructions. For amplification of 5'
cDNA ends in conjunction with the GeneRacer™ Kit, the
GeneRacer™ 5' Primer, 5' cgactggagcacgaggacactga 3' (SEQ
ID NO: 112) (Invitrogen) was used as a 5' primer. For ampli-
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fication of 5' cDNA ends 1n conjunction with the SMARTer™
RACE cDNA Amplification Kit, the Universal Primer Mix A

primer (Clontech), a mix of: 5' CTAATACGACTCACTATAGGGCAAG-

CAGTGGTATCAACGCAGAGT 3' (SEQ ID NO: 113) and 3' cTaATAC-
GACTCACTATAGGGC 3' (SEQ ID NO: 114), was used as a 5

primer. Heavy chain variable regions were amplified using
the above 3' primers and a 3' IgG1 constant region specific
primer, 5' TATGCAAGGCTTACAACCACA 3' (SEQ ID NO: 115), or a
3' Ig(G2a constant region specific primer, 5' AGGACAGGGCTTGAT-
16TGGG 3' (SEQ ID NO: 116). Kappa chain variable regions
were amplified with the above 5' primers and a 3' kappa
constant region specific primer, 5' CTCATTCCTGTTGAAGCTCTTGA-
caaT 3' (SEQ ID NO: 117). Lambda chain variable regions
were amplified with the above 5' primers and a mix of 3'
lambda constant region specific primers, 5' GCACGGGA-

caaactcerTere 3 (SEQ ID NO: 118) and 5' CACAGTGTCCCCTTCAT-
616 3' (SEQ ID NO: 119).

Individual PCR products were 1solated by agarose gel elec-
trophoresis and purified using the QIAQUICK™ Gel Purifi-
cation kit according to the kit vendor’s mstructions (Qiagen).
The PCR products were subsequently cloned into the PCR®
4Blunt TOPO® plasmid or PCR® 2.1-TOPO® plasmid
using the ZERO BLUNT® TOPO® PCR Cloning Kit or the
TOPO® TA Cloning Kit, respectively, according to the kat
vendor’s 1nstructions (Invitrogen) and transformed into
DH5-a bacteria (Invitrogen) through standard molecular
biology techniques. Plasmid DNA 1solated from transformed

bacterial clones was sequenced using M13 Forward (5
GTAAAACGACGGCCAGT 3") (SEQ ID NO: 120) and M13 Reverse

primers (35' cacGaaacacceTarcace 3') (SEQ ID NO: 121) by
Beckman Genomics (Danvers, Mass.), using standard
dideoxy DNA sequencing methods to identify the sequence
of the variable region sequences. The sequences were ana-
lyzed using VECTOR NTI® software (Invitrogen) and the
IMGT/V-Quest web server (1mgt.cines.ir) to identify and
conilrm variable region sequences.

The nucleic acid sequences encoding and the protein
sequences defining variable regions of the murine mono-
clonal antibodies are shown below (amino terminal signal
peptide sequences are not shown). CDR sequences (Kabat
definition) are indicated by bold font and underlining in the
amino acid sequences.

Nucleic Acid Sequence Encoding the Heavy Chain Variable Region of

the 07F01 Antibody

1lgaggtgaagc ttctcgagtc tggaggtggc

6l tcctgtgcag
121 ccagggaaag
181l acgccatctc
241 ctgcaaatga

301lagaattcatt

36ltca

Protein Sequence Defining the Heavy
the 07F01 Antibody

levkllesggg lvgpggslkl scaasgfdfs

61ltpslkekfii srdnaknslf lgmnrvrsed

121s

cctcaggatt

ggctagaatg

taaaggagaa

acagagtgag

actacggcgc

(SEQ ID NO: 1)

ctggtgcagce cgggtggatc cctgaaactc

cgattttagt agacactgga

tgagttgggt ccggctggcet

gatcgcagaa attaatccag atagcagaac gataaactat

attcatcatc tccagagaca acgccaaaaa ttcecgetgttt

atctgaggac acagcccttt attactgtgc

aagacgggta

tatggactgc gaacctcagt caccgtctcc

tggggtcaag

Chain Variable Region of

(SEQ ID NO: 2)
rhwmswvrla pgkglewiae inpdsrtiny

talyycarrv rihyygamdc wgggtsvtvs




lgacattgtgt
6lgtcacctgca
l121ggtcaatctc
181l cgcttcacag
241 gaagacttygyg

301lgggaccaagc

21

tgacccagtc

aggccagtca

ctaaaacact

gcagtggatc

cagattattt

tggagctgaa
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-continued
Nucleic Acid Sequence Encoding the Kappa Chain Variable Region of

the 07F01 Antibody

CCcaaaaaatc

gaatgtgggt

gatttactcyg

tgggacagat

ctgtcaacaa

a

gtgtccacat
tctagtttag
gcatccttec
ttcactctca

tataataact

(SEQ ID NO:

cagtaggagc
tctggtatca
ggtacagtgg
ccatcagcaa

atccgctcac

cagggtcagc

dacadaaacca

agtccctgat

tgtgcagtct

gttcggtget

Protein Sequence Defining the Kappa Chain Variable Region of
the 07F01 Antibody

(SEQ ID NO:

ldivltgsgkl vstsvgarvs vitckasgnvg sslvwyqgkp ggspktlivs asfrysgvpd

6lrftgsgsgtd ftltisnvgs edladyfcqq ynnypltfga gtklelk

Nucleic Acid Sequence Encoding the Heavy Chain
the 12B11 Antibody

lgaggtgcagt
6ltcctgtgcayg
121 ccggagaaga
181 ccagacactyg
2471 ctgcaaatga

30ltactatggtyg

tagtggagtc

cctetggatt

ggctggagtyg

tgaagggacg

gcggtctgag

ttaactttga

tgggggaggce

cactttcagt

ggtcgcagga

attcaccatc

gtctgaggac

ctactggggc

ttagtgaagc
acctatgcca
atcactaatg
tccagagaca
acggccatgt

caaggcacca

Variable Region of

(SEQ ID NO:

ctggagggtc

tgtcttggat

gtggtagttt

atgccaggaa

attattgtgc

ctctcacagt

cctgaaactce

tcgccagact

cacctactat

catcctatac

aagacagggt

ctcctca

Protein Sequence Defining the Heavy Chain Variable Region of
the 12Bl11 Antibody

(SEQ ID NO:
levglvesggg lvkpggslkl scaasgftfs tyamswirgt pekrlewvag itnggsftyy

6lpdtvkgrfti srdnarnily lgmsglrsed tamyycarqg yygvnfdywg ggttltvss

Nucleic Acid Sequence Encoding the Kappa Chain Variable Region of
the 12B11 Antibody

lgatgctgtga
6latctcttgca
121 tacctccaga
181ltctggggtcc
241 atcagagtygyg

301lcacacgttcyg

tgacccaaac

ggtctagtca

aaccaggcca

cagacaggtt

aggctgagga

gagggdggac

tccactctcec

gagccttgaa

gtctccacag

cagtggtagt

tttgggactt

caaactggaa

ctgcctgtca

aacagtaacyg

ctccectgatcet

ggatcaggga

tatttctgec

ttaaaa

(SEQ ID NO:

gtcttggaga

gaaacactta

acagggtttc

cagatttcac

tccaagttac

Ccaagcctcc

tttgaactgyg

caaccgattt

actgaaaatc

acatgtcccyg

Protein Sequence Defining the Kappa Chain Variable Region of
the 12Bl11 Antibody

(SEQ ID NO:

ldavmtgtpls lpvslgdgas i1scrssgsle nsngntylnw yvigkpggspqg lliyvrvsnrf

3)

4)

11)

12)

13)

14)

6lsgvpdrfsgs gsgtdftlki irveaedlgl viclgvthvp htfgggtkle 1k

Nucleic Acid Sequence Encoding the Heavy Chain
the 17F06 Antibody

1gaagtgaagc
6ltcctgtgcayg
121 tcagacaaga
181 ctagacactyg

241 ctgcaaatga

30ltggttactaa

tggtggagtc
cctetggatt
ggctggagtyg
taaagggccyg
gtggtctgaa

agtttgctta

gg9g9ggygaggc

cattttcagt
ggtcgcettcec
attcaccatc

gtctgaagac

ctggggccaa

ttagtgaagc
tcctatggcea
attagtagtg
tccagagaga

acggccttgt

gggactctgg

Variable Region of

(SEQ ID NO:

ctggagcgtc
tgtcttggygt
gtggtggtac
atgccaagga

attactgtac

tcactgtctc

tctgaaactc

tcgccagact

cacctactat

caccctgtac

aagaggccaa

tgca

21)

22



23
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-continued
Protein Sequence Defining the Heavy Chain Variable Region of

the 17F06 Antibody

(SEQ ID NO:
levklvesggg lvkpgaslkl scaasgfifs sygmswvrgt sdkrlewvas ilissgggttyy

6lldtvkgrfti srenakdtly lgmsglksed talyyctrgq wllkfaywgqg gtlvtvsa

Nucleic Acid Sequence Encoding the Lambda Chain Variable Region of
the 17F06 Antibody

1l caacttgtgc
6lacgtgcacct
121 ctcaagectc
181gggattcctyg
241 aacatccagc

301lcaatttgtgt

tcactcagtc

tgagtagtca

ctaagtatgt

atcgcttcete

ctgaagatga

atgttttegg

atcttcagec
gcacactacg
gatggagctt
tggatccagce

agcaatatac

cggtggcacc

CCctttctccece

tacaccattg

aagaaagatyg

tctggtgcety

atctgtggtyg

aaggtcactyg

(SEQ ID NO:

tgggagcctc

aatggtatca

gaagccacag

atcgctacct

tgggtgagac

Cccta

agcaaaactc
gcaactgcca

cacaggtgtt

taccatttcc

aattgaggac

Protein Sequence Defining the Lambda Chain Variable Region of
the 17F06 Antibody

6lgipdrfsgss sgadryltis nic

(SEQ ID NO:
lglvltgsssa sfslgasakl tctlssghtt ytiewyqgglp lkppkyvmel kkdgshstgv

22)

23)

24)

pedealy icgvgetied gfvyvigggt kvtvl

Nucleic Acid Sequence Encoding the Heavy Chain Variable Region of
the 18H09 Antibody

1gaggtgcagc
6lacctgttatg
121 ccaggaaata
181lccatctctca
241 cggttgaatt

301lcttacgattyg

ttcaggagtc

tcactggcga

aacttgagta

aaagtcgaat

ctgtgactac

cttactgggyg

aggacctagc
ctccatcacc
catgggatat
ctccatcact
tgaggacaca

ccaagggact

Protein Sequence Defining the Heavy
the 18H09 Antibody

levglgesgps lvkpsgtlsl teyvtgdsit

61lpslksrisit rdtskngfyl rlnsvttedt

ctcgtgaaac

agtgattact

atcagctaca

cgagacacat

gccacatatt

ctggtcactyg

(SEQ ID NO:

cCCLtctcagac

ggaattggat

gtggtagcac

ccaadaacca

actgtgcaag

tctctgca

tctgtccoctc

ccggaaattc

Ctactacaat

gttctacctt

aacccatata

Chain Variable Region of

(SEQ ID NO:
sdywnwirkf pgnkleymgy isysgstyyn

31)

32)

atyycarthi ltiaywgggt lvtvsa

Nucleic Acid Sequence Encoding the Lambda Chain Variable Region of
the 18H09 Antibody

1 caggctgttyg
6lacttgtcgct
121 aaaccagatc
181 cctgeccagat
241 cagactgagyg

301lttcggtggayg

tgactcagga

caagtgccgyg

atttattcac

tctcaggcetce

atgaggcaat

gaaccaaact

atctgcactc
ggctgttaca
tggtctaata
cctgattgga
atatttctgt

gactgtccta

accacatcac

actagtaact

ggtgatacca

gacaaggctyg

gcetetttggt

(SEQ ID NO:

ctggtgaaac

ttgccaactyg

acatccgagc

ccctcaccat

acagcaacca

agtcacactc

ggtccaagaa

tccaggtgtt

cacaggggca

ttactgggty

Protein Sequence Defining the Lambda Chain Variable Region of
the 18H09 Antibody

(SEQ ID NO:
lgavvtgesal ttspgetvtl tcrssagavt tsnfanwvge kpdhlftgli gdtnirapgv

6lparfesgslig dkaaltitga gtedeaivic alwysnhywv fgggtkltvl

Nucleic Acid Sequence Encoding the Heavy Chailin Variable Region of
the 29B06 Antibody

(SEQ ID NO:

33)

34)

41)

lgaggtgcagce ttcaggagtc aggacctagce ctcgtgaaac cttctcagac tctgtccectce

6lacctgttctg tcactggcga ctccatcacce agtggttact ggaactggat ccggaaattc

121 ccagggaata aacttgagta catggggtac ataagctaca gtggtaaaac ttactacaat

24
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-continued

181lccatctctca aaagtcgaat ctccatcact cgagacacat ccaagaacca ttactacctyg
241 cagttgattt ctgtgactgce tgaggacaca gccacatatt actgtgcaag gtctaagtac
30lgactatgcta tggactactg gggtcaagga acctcagtca ccgtctcecte a

Protein Sequence Defining the Heavy Chain Variable Region of

the 29B06 Antibody

(SEQ ID NO: 42)
levglgesgps lvkpsgtlsl tcesvtgdsit gsgywnwirkf pgnkleymgy isysgktyyn

6lpslksrisit rdtsknhyyl glisvtaedt atyycarsky dyamdywgqg tsvtvss

Nucleic Acid Sequence Encoding the Kappa Chain Variable Region of
the 29B06 Antibody
(SEQ ID NO: 43)
lgacattgtgc tgacccaatc tccagcettcet ttggetgtgt ctcectaggaca gagggcocacc

6latctcctgca gagccagcga aattgttgat aattttggca ttagttttat gaactggttce
121 caacagaaac caggacagcc acccaaactce ctcatctatg ctgcatccaa ccaaggatcc
181lggggtccectg ccaggtttag tggcagtggg tctgggacag acttcagcect caacatccat
241 cctgtggagg aggatgatac tgcaatgtat ttcectgtcage aaagtaagga ggttcectcceg
30lacgttcggtyg gaggcaccaa gctggaaatc aaa
Protein Sequence Defining the Kappa Chain Variable Region of
the 29B06 Antibody

(SEQ ID NO: 44)
ldivltgspas laveslggrat iscraseivd nfgisfmnwf qggkpggppkl livaasnggs

6lgvparfsgsg sgtdfslnih pveeddtamy fcqggskevpp tfgggtklei k
The amino acid sequences defining the immunoglobulin TABI E 1-continued

heavy chain variable regions for the antibodies produced in
Example 2 are aligned in FIG. 2. Amino terminal signal

SEQ. ID NO. Nucleic Acid or Protein

peptide sequences (for expression/secretion) are not shown. s 17 12B11 Heavy Chain CDR,4
CDR,, CDR,, and CDR; (Kabat definition) are identified by 18 12B11 Light (kappa) Chain CDR,
boxes. FIG. 3 shows an alignment of the separate CDR,, ig ) égi Ei i Eﬁggj; giii gg%
CDR,, and CDR;, sequences for each antibody. 21 17F06 Heavy Chain Variable Regi:m nucleic acid
The amino acid sequences defining the immunoglobulin 22 17F06 Heavy Chain Variable Region-protein
light chain variable regions of the antibodies in Example 2 are 40 23 52506 Light (lambda) Chain Variable Region-nucleic
aligned 1n FIG. 4. Amino terminal signal peptide sequences 4 17F06 Light (lambda) Chain Variable Region-protein
(for expression/secretion) are not shown. CDR,, CDR, and 25 17F06 Heavy Chain CDR
CDR, are identified by boxes. FIG. 5 shows an alignment of 20 L7F06 Heavy Cham CDR,
27 1'7F06 Heavy Chain CDR,
the. separate CDR,, CDR,, and CDR, sequences for each >3 17F06 Light (lambda) Chain CDR,
antibody. 3 29 17F06 Light (lambda) Chain CDR,,
Table 1 shows the SEQ ID NO. of each sequence discussed 30 17F06 Light (1 HIEJC a) C. ’lﬂﬁl CDR; 1 y
: : 31 18HO9 Heavy Chain Variable Region-nucleic aci
in this Example. 32 18HO9 Heavy Chain Variable Region-protein
33 18HO9 Light (lambda) Chain Variable Region-nucleic
TABLE 1 acid
50 34 18HO09 Light (lambda) Chain Variable Region-protein
SEQ. ID NO. Nucleic Acid or Protein 35 18HO9 Heavy Chain CDR,
36 18H0O9 Heavy Chain CDR2
1 07F01 Heavy Chain Variable Region-nucleic acid 37 18H09 Heavy Chain CDR,
2 07F01 Heavy Chain Variable Region-protein 38 18H09 Light (lambda) Chain CDR,
3 07F01 Light (kappa) Chain Variable Region-nucleic 39 18HO09 Light (lambda) Chain CDR,
acid 55 40 18H09 Light (lambda) Chain CDR;
4 07F01 Light (kappa) Chain Variable Reglon-protein 41 29B06 Heavy Chain Variable Region-nucleic acid
5 07F01 Heavy Chamn CDR; 42 29B06 Heavy Chain Variable Region-protein
6 07F01 Heavy Chain CDR, 43 29B06 Light (kappa) Chain Variable Region-nucleic
7 07F01 Heavy Chain CDR; acid
8 07F01 Light (kappa) Chamn CDR, 44 29B06 Light (kappa) Chain Variable Region-protein
9 07F01 Light (kappa) Chain CDR, 60 45 29B06 Heavy Chain CDR,
10 07F01 Light (kappa) Chain CDR, 46 29B06 Heavy Chain CDR,
11 12B11 Heavy Chain Variable Region-nucleic acid 47 29B06 Heavy Chain CDR,
12 12B11 Heavy Chain Variable Region-protein 48 29B06 Light (kappa) Chain CDR,
13 12B11 Light (kappa) Chain Variable Region-nucleic 49 29B06 Light (kappa) Chain CDR,
acid 50 29B06 Light (kappa) Chain CDR;
14 12B11 Light (kappa) Chain Variable Region-protein
15 12B11 Heavy Chain CDR, 65
16 12B11 Heavy Chain CDR, Mouse monoclonal antibody heavy chain CDR sequences

(Kabat, Chothia, and IMGT definitions) are shown 1n Table 2.
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TABLE 2
CDR1 CDR2 CDR2
Kabat

O07F01 RHWMS EINPDSRTINYTPSLKE RVRIHYYGAMDC
(SEQ (SEQ ID NO: o) (SEQ ID NO: 7)
ID NO: 5)

12B11 TYAMS GITNGGSFTYYPDTVKG QOGYYGVNFEDY
(SEQ ID (SEQ ID NO: 16) (SEQ ID NO: 17)
NO: 15)

17F06 SYGMS SISSGGGTTYYLDTVKG GOWLLKFAY
(SEQ ID (SEQ ID NO: 26) (SEQ ID NO: 27)
NO: 25)

18HO09 SDYWN YISYSGSTYYNPSLK THILTIAY
(SEQ ID (SEQ ID NO: 36) (SEQ ID NO: 37)
NO: 25)

29B06 SGYWN YISYSGKTYYNPSLKS SKYDYAMDY
(SEQ ID (SEQ ID NO: 4¢6) (SEQ ID NO: 47)
NO: 45)

Chothia

O07F01 GFDFSEH NPDSRT RVRIHYYGAMDC
(SEQ ID (SEQ ID NO: 52) (SEQ ID NO: 7)
NO: 51}

12B11 GFTFSTY THNGGSFE OGYYGVNFDY
(SEQ ID (SEQ ID NO: 54) (SEQ ID NO: 17)
NO: 523)

17F06 GFIFSSY SSGGEGET GOWLLKFAY
(SEQ ID (SEQ ID NO: 56) (SEQ ID NO: 27)
NO: 55)

18H09 GDSITSD SYSGS THILTIAY
(SEQ ID (SEQ ID NO: 58) (SEQ ID NO: 37)
NO: 57)

29B06 GDSITSG SYSGK SKYDYAMDY
(SEQ ID (SEQ ID NO: 60) (SEQ ID NO: 47)
NO: 59)

IMGT

O07F01 GFDFSRHW INPDSRTI ARRVRIHYYGAMDC
(SEQ ID (SEQ ID NO: 62) (SEQ ID NO: 63)
NO: 61)

12B11 GFTFSTYZA ITNGGSFET AROGYYGVNFEDY
(SEQ ID (SEQ ID NO: 65) (SEQ ID NO: 66)
NO: 64)

17F06 GFIFSSYG ISSGGGETT TRGOWLLKFAY
(SEQ ID (SEQ ID NO: 68) (SEQ ID NO: 69)
NO: 67)

18HO09 GDSITSDY ISYSGST ARTHILTIAY
(SEQ ID (SEQ ID NO: 71) (SEQ ID NO: 72)
NO: 70)

10

15

20

25

30

35

40

45

50

55

28

TABLE 2-continued
CDR1 CDR2 CDR3
20B06 GDSITSGEY ISYSGKT ARSKYDYAMDY
(SEQ 1D (SEQ ID NO: 74) (SEQ ID NO: 75)
NO: 73)

Mouse monoclonal antibody Kappa light chain CDR
sequences (Kabat, Chothia, and IMGT definitions) are shown
in Table 3.

TABLE 23
CDR1 CDR2 CDR23
Kabat /Chothia
Q7F01 EKASQNVGSSLV SASFRYS QOYNNYPLT
(SEQ ID NO: 8) (SEQ ID (SEQ ID NO: 10)
NO: 9)
12B11 RSSQSLENSNGNTYLN RVSNRFES LOVTHVPHT
(SEQ ID NO: 18) (SEQ (SEQ ID NO: 20)
ID NO: 19)
17F06 TLSSQHTTYTIE LKKDGSHSTGYV GVGETIEDQFVYV
(SEQ ID NO: 28) (SEQ (SEQ ID NO: 30)
ID NO: 29)
18H0S9 RSSAGAVTTSNFAN DTNIRAP ALIWYSNHYWV
(SEQ ID NO: 38) (SEQ (SEQ ID NO: 40)
ID NO: 39)
29B06 RASEIVDNFGISFMN AASNOGS QOSKEVPPT
(SEQ ID NO: 48) (SEQ (SEQ ID NO: 50)
ID NO: 49)
IMGT
Q7F01 OQNVGSS SAS QOYNNYPLT
(SEQ ID NO: 76) (SEQ ID NO: 10)
12B11 QSLENSNGNTY RVS LOVTHVPHT
(SEQ ID NO: 77) (SEQ ID NO: 20)
17F06 SQHTTYT LKKDGSH GVGETIEDQEFVYV
(SEQ ID NO: 78) (SEQ (SEQ ID NO: 30)
ID NO: 79)
18H0S AGAVTTSNF DTN ALIWYSNHYWV
(SEQ ID NO: 80) (SEQ ID NO: 40)
29B06 BIVDNFGISFE AAS QOSKEVPPT
(SEQ ID NO: 81) (SEQ ID NO: 50)

To create the complete heavy or kappa chain antibody
sequences, each variable sequence above 1s combined with 1ts
respective constant region. For example, a complete heavy
chain comprises a heavy variable sequence followed by the
murine IgGl or IgG2a heavy chain constant sequence, a
complete kappa chain comprises a kappa variable sequence
tollowed by the murine kappa light chain constant sequence,
and a complete lambda chain comprises a lambda variable
sequence followed by the murine lambda IGLC1 or IGLC2

light chain constant sequence.

Nucleic Acid Sequence Encoding the Murine IgGl Heavy Chain Constant

Region

(SEQ ID NO: 82)

lgccaaaacga cacccccate tgtcectatceca ctggcecccetg gatctgcetge ccaaactaac

6ltccatggtga ccctgggatyg cctggtcaag ggctatttece ctgagceccagt gacagtgacc

121 tggaactctyg gatccctgte cageggtgtyg cacaccttcoce cagetgtect gcecagtcectgac



181l ctctacactc
241 acctgcaacyg
301lgattgtggtt
3olccecceccaaagce
421 gtagacatca
481lgtgcacacag
541 agtgaacttc
60l aacagtgcag
661l aaggctccac
721lagtctgacct
78laatgggcagc
84ltacttcgtct
S0lacctgctctyg

S6ltctcctggta

Protein Sequence Defining the Murine

lakttppsvyp

6llytlsssvtv
121ppkpkdvlti
181 selpimhgdw

241 gltemitdff

29

tgagcagctc
ttgcccaccce
gtaagccttyg
ccaaggatgt
gcaaggatga
ctcagacgca
ccatcatgca
ctttcectge
aggtgtacac
gcatgataac
cagcggagaa
acagcaagct
tgttacatga

ad

lapgsaadgtn
psstwpsetv
tltpkvtcvv
lngkefkcrv

peditvewqw
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-continued

agtgactgtc
ggccagcagce
catatgtaca
gctcaccatt

tcccgaggtce

accccgggag

ccaggactgg

ccccatcecgag
cattccacct
agacttcttc
ctacaagaac
caatgtgcag

gggcctgcac

smvtlgclvk
tcnvahpass
vdiskddpev

nsaafpapie

nggpaenykn

301tecsvlheglh nhhtekslsh spgk

Nucleic Acid Sequence Encoding the Murine IgG2a

Region
lgccaaaacaa
6ltcctcecggtga
121 tggaactctyg
181lctctacaccc
241 acctgcaatyg
301lgggcccacaa
36lccatcecgtcet
421 atagtcacat
48ltttgtgaaca
541 agtactctcc
60lgagttcaaat
661l aaacccaaayg
721latgactaaga
78ltacgtggagt
841 ctggactctyg
501gtggaaagaa

961 actaagagct

Protein Sequence Defining the Murine IgG2a Heavy Chain Constant Region

cagccccatc

ctctaggatg

gatccctgtc

tcagcagctc

tggcccaccce

tcaagccctyg

tcatcttcecec

gtgtggtggt

acgtggaagt

gggtggtcag

gcaaggtcaa

ggtcagtaag

aacaggtcac

ggaccaacaa

atggttctta

atagctactc

tctceccecggac

ggtctatcca

cctggtcaag

cagtggtgtyg

agtgactgta

ggcaagcagc

cccteccatgc

tccaaagatc

ggatgtgagc

acacacagct

thCCtGCCC

caadcdaddayac

agctccacag

tctgacctgce

cgggaaaaca

cttcatgtac

ctgttcagtg

tccgggtaaa

ccctccagca

accaaggtgyg

gtcccagaag

actctgactc

cagttcagct

gagcagttca

ctcaatggca

aaaaccatct

cccaaggagc

cctgaagaca

actcagccca

aagagcaact

aaccaccata

IgGl Heavy Chain Constant Region

gyfpepvtvt
tkvdkkivpr
gfswfvddve
ktisktkgrp

tgpimdtdgs

ctggcccoctyg
ggttatttcc
cacaccttcc
acctcgagca
accaaggtgyg
aaatgcccag
aaggatgtac
gaggatgacc
cagacacaaa
atccagcacc
ctcccagcegc
gtatatgtct
atggtcacag
gagctaaact
agcaagctga

gtccacgagyg

cctggceccag

acaagaaaat

tatcatctgt

ctaaggtcac

ggtttgtaga

acagcacttt

aggagttcaa

ccaaaaccad

agatggccaa

ttactgtgga

tcatggacac

ggdaggcagy

ctgagaagag

cgagaccgtce

tgtgcccagy

CCtcatcttc

gtgtgttgtyg

tgatgtggag

ccgctcagtc

atgcagggtc

aggcagaccyg

ggataaagtc

gtggcagtgg

agatggctct

aaatactttc

cctcectceccac

(SEQ ID NO: 83)
wnsgslssgv htfpavlgsd

dcgckpecict vpevesviif
vhtagtgpre egfnstfrsv
kapgvytipp pkegmakdkv

vivysklnvg ksnweagnttf

Heavy Chain Constant

(SEQ ID NO: 84)
tgtgtggaga tacaactggc

ctgagccagt

cagctgtcct

cctggccocag

acaagaaaat

cacctaacct

tcatgatctc

cagatgtcca

cccatagaga

aggactggat

ccatcgagag

tgcctccacc

acttcatgcc

dCadddgaacdc

gagtggaaaa

gtctgcacaa

gaccttgacc

gcagtctgac

ccagtccatc

tgagcccaga

cttgggtgga

cctgagcoccc

gatcagctgg

ggattacaac

gagtggcaag

aaccatctca

agaagaagag

tgaagacatt

tgaaccagtc

gaagaactgg

tcaccacacg

30



lakttapsvyp
6llytlsssvtv
121psviifppki
181 stlrvvsalp
241mtkkgvtltc

301lvernsyscsv

lapvecgdttg
tastwpegsi
kdvimislsp
1ghgdwmsgk
mvtdfmpedi

vheglhnhht

31
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-continued

ssvtlgclvk
tcnvahpass
ivtevvvdvs
efkckvnnkd
yvewtnngkt

tksfsrtpgk

gyfpepvtlt
tkvdkkiepr
eddpdvgisw
lpapiertis

elnvkntepv

(SEQ ID NO:

wnsgslssgv htfpavlgsd

gptikpcppc

fvnnvevhta gtgthredyn

kcpapnllgg

kpkgsvrapg vyvipppeee

ldsdgsyimy sklrvekknw

Nucleic Acid Sequence Encoding the Murine Kappa Light Chain Constant

Region
1 cgggctgatyg

6lggaggtgcct

121 tggaagattyg
181 agcaaagaca
241 cgacataaca

30lagcttcaaca

ctgcaccaac

cagtcgtgtg

atggcagtga

gcacctacag

gctatacctyg

ggaatgagtg

tgtatccatc

cttcttgaac

acgacaaaat

catgagcagc

tgaggccact

o

aacttctacc

ggcgtcctga

accctcacgt

cacaagacat

(SEQ ID NO:
ttcccaccat ccagtgagca gttaacatct

ccaaagacat

acagttggac

tgaccaagga

caacttcacc

caatgtcaag

tgatcaggac

cgagtatgaa

cattgtcaag

85}

86}

Protein Sequence Defining the Murine Kappa Light Chain Constant Region
(SEQ ID NO:

lradaaptvel fppsseqlts ggasvvcifln nfypkdinvk wkidgsergn gvlnswtdgd

61lskdstysmss tltltkdeye rhnsytceat hktstspivk sfnrnec

Nucleic Acid Sequence Encoding the Murine Lambda

Constant Region

lggccagcecca

6lactaacaagg

121 gactggaagy

181 cagagcaaca

241 aggcatagca

30ltccegtgetyg

Protein Sequence Defining the Murine Lambda

agtcttcgec

ccacactggt

tagatggtac

acaagtacat

gttacagctyg

actgttcc

Constant Region

atcagtcacc

gtgtacgatc

ccctgtcact

ggctagcagc

ccaggtcact

ctgtttccac

actgatttct

cagggtatgg

tacctgaccc

catgaaggtc

(IGLCL1)

(IGLC1)

Light Chain

(SEQ ID NO:

cttcectetga

acccaggtgt

dagacaacccda

tgacagcaag

acactgtgga

agagctcgag

ggtgacagtg

gccttccaaa

agcatgggaa

gaagagtttg

Light Chain

(SEQ ID NO:
lggpksspsvt lfppsseele tnkatlvcecti tdfyvpgvvtv dwkvdgtpvt ggmettgpsk

6lgsnnkymass yltltarawe rhssyscgvt heghtveksl sradcs

Nucleic Acid Sequence Encoding the Murine Lambda

Constant Region

lggtcagcccea

6lgaaaacaaayg

121 gecctggaagy

181lgagggcaaca

241 cacaacagdgtt

301lcctgcagaat

Protein Sequence Defining the Murine Lambda

agtccactcc

ccacactggt

caaatggtac

agttcatggce

ttacctgtca

gtctc

Constant Region

cactctcacc

gtgtctgatt

acctatcacc

cagcagcttce

agttacacat

gtgtttccac

Cccaactttt

cagggtgtgyg

ctacatttga

gaagdgdgaca

(IGLC2)

(IGLC2)

Light Chain

(SEQ ID NO:

cttcectetga

ccocecgagtgyg

acacttcaaa

catcggacca

ctgtggagaa

ggagctcaag

tgtgacagtyg

tcccaccaaa

gtggagatct

gagtctgtct

Light Chain

(SEQ ID NO:
lggpkstptlt vippsseelk enkatlvelil snfspsgvtv awkangtpit ggvdtsnptk

6legnkfmassf lhltsdgwrs hnsftcqgvth egdtveksls paecl

87)

88}

89}

90}

91}

32
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The following sequences represent the actual or contem-
plated full length heavy and light chain sequence (1.e., con-
taining both the variable and constant regions sequences) for
cach antibody described 1n this Example. Signal sequences
for proper secretion of the antibodies (e.g., signal sequences 5
at the 5' end of the DNA sequences or the amino terminal end
of the protein sequences) are not shown in the full length
heavy and light chain sequences disclosed herein and are not

34

included 1n the final secreted protein. Also not shown are stop
codons for termination of translation required at the 3' end of
the DNA sequences. It 1s within ordinary skill 1n the art to
select a signal sequence and/or a stop codon for expression of
the disclosed full length IgG heavy chain and light chain
sequences. It 1s also contemplated that the variable region
sequences can be ligated to other constant region sequences to
produce active full length IgG heavy and light chains.

Nucleic Acid Sequence Encoding the Full Length Heavy Chain Sequence
(Heavy Chain Variable Region and IgGl Constant Region) of 07F01

(SEQ ID NO: 92)

1 gaggtgaagce ttctcecgagtce tggaggtggc

61

121

181

241

301

361

421

481

tcctgtgecag

ccagggaaag

acgccatctc

ctgcaaatga

agaattcatt

tcagccaaaa

aactccatgyg

acctggaact

541 gacctctaca

601 gtcacctgca

661

721

agggattgtg

Ctccecceeccaa

781 gtggtagaca

841 gaggtgcaca

501 gtcagtgaac

961 gtcaacagtyg

1021

ccgaaggctc

1081 gtcagtctga

1141

1201

1261

1321

tggaatgggc

tcttactteg
ttcacctgct

cactctcctg

cctcaggatt

ggctagaatg

taaaggagaa

acagagtgag

actacggcgc

CgacacCCcCCcC

tgaccctggy

ctggatccct

ctctgagcag

acgttgccca

gttgtaagcc

agcccaagga

tcagcaagga

cagctcagac

ttcccatcat

cagctttccc

cacaggtgta

cctgcatgat

agccagcgga

tctacagcaa

ctgtgttaca

gtaaa

cgattttagt

gatcgcagaa

attcatcatc

atctgaggac

tatggactgc

atctgtctat

atgcctggtc

gtccagcggt

ctcagtgact

ccaggecage

ttgcatatgt

tgtgctcacc

tgatcccgag

gcaaccccgg

gcaccaggac

tgcccccatc

caccattcca

aacagacttc

gaactacaag

gctcaatgtyg

tgagggcctg

ctggtgcage cgggtggatce cctgaaactc

agacactgga
attaatccag
tccagagaca
acagcccttt
tggggtcaag
ccactggccc
aagggctatt
gtgcacacct
gtccccteca
agcaccaagg
acagtcccag
attactctga
gtccagttca
gaggagcagt
tggctcaatyg
gagaaaacca
ccteccaagy
ttccctgaag
aacactcagc
cagaagagca

cacaaccacc

tgagttgggt

atagcagaac

acgccaadaad

attactgtgc

gaacctcagt

ctggatctgc

tccctgagec

tcccagetgt

gcacctggcc

tggacaagaa

aagtatcatc

ctcctaaggt

gctggtttgt

tcaacagcac

gcaaggagtt

Cctccaaaac

agcagatggc

acattactgt

ccatcatgga

actgggaggc

atactgagaa

ccggetgget

gataaactat

ttegetgttt

aagacgggta

caccgtctcc

tgcccaaact

agtgacagtyg

cctgcagtcet

cagcgagacc

aattgtgccc

tgtcttcatc

cacgtgtgtt

agatgatgtyg

tttccgectca

caaatgcagyg

caaaggcaga

caaggataaa

ggagtggcag

cacagatggc

aggaaatact

gagcctcectcec

Protein Sequence Defining the Full Length Heavy Chain Sequence
(Heavy Chain Variable Region and IgGl

1

61

121

evkllesggg

tpslkekfii

sakttppsvy

181 dlytlsssvt

241

frpkpkdvlt

301 vgelpimhgd

361 vgltoemitdf

421

ftcecsvlhegl

lvapggslkl

asrdnakngslf

plapgsaadgt
vpsstwpset

itltpkvtev
wlngkefkcr
freditvewq

hnhhteksls

scaasgfdfs
lgmnrvrsed
nsmvtlgclvy
vtcnvahpas

vvdiskddpe

vhsaafpapil

wnggpaenvk

hspgk

Constant Region)

rhwmswvr la
talyycarrv
kgyfpepvtv
stkvdkkivp
vfswivddy

ektisktkgr

ntgpimdtdg

pgkglewiae
rihyygamdc
twnsgslssg
rdcgckpceic
evhtagtgpr
pkapgvytip

syfvysklnv

of O07F01
(SEQ ID NO:

93)
inpdsrtiny

wgqgtsvtvs
vht fpavlgs
tvpevessvii
eeqfnstfrs

ppkegmakdk

gksnweagnt

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence

(Kappa Chain Variable Region and Constant Region)

of O07F01



1 gacattgtgt

61l gtcacctgca

121 ggtcaatctc

181

cgcttcacag

241 gaagacttgg

301 gggaccaagc

361

421

481

541

tccagtgagce

cccaaagaca

aacagttgga

ttgaccaagg

35

tgacccagtc
aggccagtca
ctaaaacact
gcagtggatc
cagattattt
tggagctgaa
agttaacatc
tcaatgtcaa
ctgatcagga

acgagtatga

US 8,603,478 B2

-continued

tCcaaaaaatc

gaatgtgggt
gatttactcg
tgggacagat
ctgtcaacaa
acgggctgat
tggaggtgcc
gtggaagatt
cagcaaagac

acgacataac

601 tcaacttcac ccattgtcaa gagcttcaac

gtgtccacat

tctagtttag

gcatccttcc

ttcactctca

tataataact

gctgcaccaa

tcagtcgtgt

gatggcagtyg

agcacctaca

agctatacct

aggaatgagt

(SEQ ID NO:

cagtaggagc

tctggtatca

ggtacagtgg

ccatcagcaa

atccgctcac

ctgtatccat

gcttcttgaa

dacddacdaddd

gcatgagcag

gtgaggccac

gt

cagggtcagc

dcadgaaaccda

agtccctgat

tgtgcagtct

gttcggtgcet

cttcccacca

caacttctac

tggcgtcctg

caccctcacg

tcacaagaca

Protein Sequence Defining the Full Length Light Chain Sequence

(Kappa Chain Variable Region and Constant Region}

of 07F01

(SEQ ID NO:
1 divltgsgkli vestsvgarvs vtckasgnvg sslvwyqgkp ggsespktliys asfrysgvpd

61l rftgsgagtd ftltisnvgs edladyfcqqg ynnypltfga gtklelkrad aaptvsifpp

121 sseqgltsgga svvcflnnfy pkdinvkwki dgsergngvl nswtdgdskd stysmsstlt

181 1ltkdeyerhn sytceathkt stespivksfn rnec

Nucleic Acid Sequence Encoding the Full Length Heavy Chain Sequence

(Heavy Chain Variable Region and IgGl Constant Region)

1 gaggtgcagt tagtggagtc tgggggaggc

61 tcctgtgcag cctcectggatt

121

181

241

301

361

421

481

541

601

661

721

ccggagaaga
ccagacactg
ctgcaaatga
tactatggtg
aaaacgacac
atggtgaccc
aactctggat
tacactctga
tgcaacgttyg
tgtggttgta

cCadagcccda

781 gacatcagca

841

cacacagctc

901 gaacttccca

961

agtgcagctt

1021 gctccacagy

1081

ctgacctgca

1141 gggcagccag

1201

1261

ttcgtctaca

tgctetgtgt

ggctggagtg
tgaagggacyg
gcggtctgag
ttaactttga
cccoccatcetgt
tgggatgcct
ccectgtcecag
gcagctcagt
cccacccggc
agccttgcat
aggatgtgct
aggatgatcc
agacgcaacc
tcatgcacca
tccctgececc
tgtacaccat
tgataacaga
cggagaacta

gcaagctcaa

tacatgaggyg

cactttcagt

ggtcgcagga

attcaccatc

gtctgaggac

ctactggggc

ctatccactg

ggtcaagggc

cggtgtgcac

gactgtcccc

cagcagcacc

atgtacagtc

caccattact

cgaggtccag

cecygyggaggay

ggactggctc

catcgagaaa

tccacctcecec

CCtcttcccet

caagaacact

tgtgcagaag

cctgcacaac

of 12B11
(SEQ ID NO:

ttagtgaagc ctggagggtc cctgaaactc

acctatgcca

atcactaatg

tccagagaca

acggccatgt

caaggcacca

gceectggat

tatttccctyg

accttcccag

tccagcacct

aaggtggaca

ccagaagtat

ctgactccta

ttcagctggt

cagttcaaca

aatggcaagg

accatctcca

aaggagcaga

gaagacatta

cagcccatca

agcaactggg

caccatactg

tgtcttggat

gtggtagttt

atgccaggaa

attattgtgc

ctctcacagt

ctgctgccca

agccagtgac

ctgtcctgea

ggcccagcga

agaaaattgt

catctgtcett

aggtcacgtg

ttgtagatga

gcactttccg

agttcaaatg

aaaccaaagg

tggccaagga
ctgtggagtyg

tggacacaga

aggcaggaaa

agaagagcct

tcgccagact

cacctactat

catcctatac

aagacagggt

ctcctcagcec

aactaactcc

agtgacctgyg

gtctgacctc

gaccgtcacc

gcccagggat

catcttcccc

tgttgtggta

tgtggaggtyg

ctcagtcagt

cagggtcaac

cagaccgaag

taaagtcagt

gcagtggaat

tggctcttac

tactttcacc

ctcccactcet

94}

95}

96}

36



US 8,603,478 B2
37

-continued
1321 cctggtaaa

Protein Sequence Defining the Full Length Heavy Chain Sequence
(Heavy Chain Variable Region and IgGl Constant Region} of 12B1l1
(SEQ ID NO: 97)

1 evglvesggyg

61 pdtvkgrfti
121 kttppsvypl
181 ytlgsssvtvp
241 pkpkdvltit
301 elpimhgdwl
361 1tcmitdffp

421 csvliheglhn

lvkpggslkl
srdnarnily
apgsaagtns
sstwpsetvt
ltpkvtcvvv
ngkefkcrvn

editvewgwn

hhtekglshs

scaasgftts
lgmsglrsed
mvtlgclvkyg
cnvahpasst
diskddpevqg
saafpapiek
gagpaenyvknt

pgk

tyamswirdgt
tamyycardqg
vipepvtvtw
kvdkkivprd
fswfvddvev
tisktkgrpk

gqpimdtdgsy

pekrlewvag
vyvgvnidywg
nsgslssgvh
cgckpeictv
htagtgpree
apqvytippp

fvysklnvgk

itnggsftyy

gqgttltvssa
tfpavligsdl
pevesviifp
qfnstfrsvs
kegmakdkvs

snweagntft

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence
(Kappa Chain Variable Region and Constant Region) of 12B11
(SEQ ID NO: 98)

1 gatgctgtga

61 atctcttgca
121 tacctccaga
181 tctggggtcc
241 atcagagtgg
301 cacacgttcg
361 tccatcttcec
421 ttgaacaact
481 caaaatggcyg
541 agcagcaccc

601 gccactcaca

tgacccaaac

ggtctagtca

aaccaggcca

cagacaggtt

aggctgagga

gaggggggac

caccatccag

tctaccccaa

tcctgaacag

tcacgttgac

agacatcaac

tccactctcc

gagccttgaa

gtctccacag

cagtggtagt

tttgggactt

caaactggaa

tgagcagtta

agacatcaat

ttggactgat

caaggacgag

ttcacccatt

ctgcctgtca gtcttggaga tcaagcctcec

aacagtaacg

ctcctgatcet

ggatcaggga

tatttectgec

ttaaaacggg

acatctggag

gtcaagtgga

caggacagca

tatgaacgac

gtcaagagct

gaaacactta

acagggtttc

cagatttcac

tccaagttac

ctgatgctgc

gtgcctcagt

agattgatgg

aagacagcac

ataacagcta

tcaacaggaa

tttgaactgg

caaccgattt

actgaaaatc

acatgtcccg

accaactgta

cgtgtgcettce

cagtgaacga

ctacagcatg

tacctgtgag

tgagtgt

Protein Sequence Defining the Full Length Light Chain Sequence
(Kappa Chain Variable Region and Constant Region) of 12B11

(SEQ ID NO: 99)
lpvelgdgas iscrssgsle nsngntylnw vigkpggspq lliyvrvesnrf

1 davmtgtpls
61 sgvpdrfesgs gsgtdftlki irveaedlgl vyviclgvthvp htfgggtkle lkradaaptv
121 sifppesseql tsggasvvcef lnnfypkdin vkwkidgser gngvlnswtd gdskdstysm
181 sstltltkde yverhnsytce athktstspili vksfnrnec
Nucleic Acid Sequence Encoding the Full Length Heavy Chain Sequence

(Heavy Chain Variable Region and IgG2A Constant Region) of 17F06

(SEQ ID NO: 100}

1 gaagtgaagc

61 tcctgtgecag
121 tcagacaaga
181 ctagacactyg
241 ctgcaaatga
301 tggttactaa
361 acaacagccc
421 gtgactctag
481 tctggatccc

541 accctcagcea

601 aatgtggccc

tggtggagtc
cctetggatt
ggctggagtg
taaagggccy
gtggtctgaa
agtttgctta
catcggtcta
gatgcctggt
tgtccagtgyg
gctcagtgac

acccggcaag

ggg9gggaggc

cattttcagt

ggtcgcttcc

attcaccatc

gtctgaagac

ctggggccaa

tccactggcec

caagggttat

tgtgcacacc

tgtaacctcg

cagcaccaag

ttagtgaagc ctggagcgtce tctgaaactc

tcctatggceca

attagtagtg

tccagagaga

acggccttgt

gggactctgg

cctgtgtgtg

ttccctgagce

ttcccagetg

agcacctggc

gtggacaaga

tgtcttgggt

gtggtggtac

atgccaagga

attactgtac

tcactgtctc

gagatacaac

cagtgacctt

tcctgcagtc

ccagccagtc

aaattgagcc

tcgccagact

cacctactat

caccctgtac

aagaggccaa

tgcagccaaa

tggctccteg

gacctggaac

tgacctctac

catcacctgc

cagagggccc



66l acaatcaagc
721 gtcttcatct
781 acatgtgtgy
841 aacaacgtgyg
901 ctcecgggtgy
961 aaatgcaagyg
1021 aaagggtcayg
1081 aagaaacagyg
1141 gagtggacca
1201 tctgatggtt
1261 agaaatagct

1321 agcttctccec

39

CCtgtCCtCC

tCccctccaaa

tggtggatgt

aagtacacac

tcagtgccct

tcaacaacaa

taagagctcc

tcactctgac

acaacgggaa

cttacttcat

actcctgttce

ggactccggg

US 8,603,478 B2

-continued

atgcaaatgc

gatcaaggat

gagcgaggat

agctcagaca

ccccatccag

agacctccca

acaggtatat

ctgcatggtc

aacagagcta

gtacagcaag

agtggtccac

taaa

ccagcaccta

gtactcatga

gacccagatg

caaacccata

caccaggact

gcgceccatcog

gtcttgcctce

acagacttca

aactacaaga

ctgagagtgg

gagggtctgc

acctcttggg

tctecectgag

tccagatcag

gagaggatta

ggatgagtgyg

agagaaccat

caccagaaga

tgcctgaaga

acactgaacc

aaaagaagaa

acaatcacca

tggaccatcc

ccecatagtce

ctggtttgtyg

caacagtact

caaggagttc

ctcaaaaccc

agagatgact

catttacgtg

agtcctggac

ctgggtggaa

cacgactaag

Protein Sequence Defining the Full Length Heawvy Chailin Sequence

(Heavy Chain Variable Region and IgG2A Constant Region)

1 evklvesggyg

61 ldtvkgrfti
121 ttapsvypla
181 tlsssvtvts
241 vfifppkikd
301 1lrvvealpiqg
361 kKkgvtltcmv

421 rnsyscsvvh

lvkpgaslkl
srenakdtly
pvcgdttgss
stwpsgsitc
vimislspiv
hgdwmsgkef
tdfmpediyv

eglhnhhttk

scaasgfifs
lgmsglksed
vtlgclvkgy
nvahpasstk
tcvvvdvsed
kckvnnkdlyp
ewtnngktel

sfsrtpgk

of 17F06
(SEQ ID NO:

sygmswvrgt sdkrlewvas issgggttyy

talyyctrgq

fpepvtltwn
vdkkieprgp
dpdvgiswiv
aplertiskp

nykntepvld

wllkfaywgq
sgslssgvht
tikpcppckc
nnvevhtagt
kgsvrapdgvy

sdgsyimysk

gtlvtvsaak
fravligsdly
papnllggps
Jgqthredynst
vipppeeemt

lrvekknwve

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence

(Lambda Chain Variable Region and Constant Region

1 caacttgtgc

61 acgtgcacct
121 ctcaagcctce
181 gggattcctyg
241 aacatccagc
301 caatttgtgt
361 actcccecactc
421 ctggtgtgtc
481 ggtacaccta
541 atggccagca

601 tgtcaagtta

tcactcagtc

tgagtagtca

ctaagtatgt

atcgcttctce

ctgaagatga

atgttttegg

tcaccgtgtt

tgatttccaa

tcacccaggyg

gcttcctaca

cacatgaagg

atcttcagcc

gcacactacg

gatggagctt

tggatccagc

agcaatatac

cggtggcacc

tccaccttcc

cttttcceeg

tgtggacact

tttgacatcg

ggacactgtg

(IGLC2))

of 17F06
(SEQ ID NO:

tctttctece tgggagcectce agcaaaactc

tacaccattg

aagaaagatyg

tctggtgcetg

atctgtggtg

aaggtcactg

tctgaggagc

agtggtgtga

Ctcaaatccca

gaccagtgga

gagaagagtc

aatggtatca

gaagccacag

atcgctacct

tgggtgagac

tcctaggtca

tcaaggaaaa

cagtggcctg

ccaaagaggg

gatctcacaa

tgtctcctgce

gcaactgcca

cacaggtgtt

taccatttcc

aattgaggac

gcccaagtcec

cadadccacda

gaaggcaaat

caacaagttc

cagttttacc

agaatgtctc

Protein Sequence Defining the Full Length Light Chain Sequence

(Lambda Chain Variable Region and Constant Region

(IGLC2) )

of 17F06
(SEQ ID NO:

1 glvltgsssa sfslgasakl tcetlssghtt yvtiewyqqglp lkppkyvmel kkdgshstgv

61l gipdrfsgss sgadryltis nic

pedealy icgvgetied gfvyvigggt kvtvlggpks

121 tptltvipps seelkenkat lvclisnfsp sgvtvawkan gtpitggvdt snptkegnkf

181 massflhlts dgwrshnsft cgvthegdtv ekslspaecl

Nucleic Acid Sequence Encoding the Full Length Heavy Chain Sequence

101)

102)

103)

40
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1 gaggtgcagc ttcaggagtc

61

121

181

241

301

361

421

481

541

acctgttatg

ccaggaaata

ccatctctca

cggttgaatt

cttacgattg

ccececcatcetyg

ctgggatgcc

tccctgtcca

agcagctcag

601 gcccaceccgy

661

721

781

841

501

961

aagccttgca

aaggatgtgc

aaggatgatc

cagacgcaac

atcatgcacc

Ctcccectgcecec

1021 gtgtacacca

1081

atgataacag

1141 gcggagaact

1201

1261

agcaagctca

ttacatgagg

tcactggcga

aacttgagta

aaagtcgaat

ctgtgactac

cttactgggyg

tctatccact

tggtcaaggyg

gcggtgtgcea

tgactgtccc

ccagcagcac

tatgtacagt

tcaccattac

ccgaggtceca

cccgggadgddya

aggactggct

ccatcgagaa

ttccacctcece

acttcttccce

dacdadaacac

atgtgcagaa

gcctgcacaa

US 8,603,478 B2

-continued
(Heavy Chain Variable Region and IgGl

aggacctagc

ctccatcacc

catgggatat

ctccatcact

tgaggacaca

ccaagggact

ggcccectgga

ctatttcccet

caccttccca

ctccagcacc

caaggtggac

cccagaagta

tctgactcct

gttcagctygyg

gcagttcaac

caatggcaag

aaccatctcc

caaggagcag

tgaagacatt

tcagcccatc

gagcaactgg

ccaccatact

Constant Region)

ctcgtgaaac

agtgattact

atcagctaca

cgagacacat

gccacatatt

ctggtcactg

tctgctgcecec

gagccagtga

gctgtcecctgce

tggcccagceg

aagaaaattg

tcatctgtet

aaggtcacgt

tttgtagatg

agcactttcc

gagttcaaat

dddaccaaad

atggccaagyg

actgtggagt

atggacacag

Jaggcaggad

gagaagagcc

cttctcagac

ggaattggat

gtggtagcac

ccaadaacca

actgtgcaag

tctectgcagce

aaactaactc

cagtgacctyg

agtctgacct

agaccgtcac

tgcccaggga

tcatcttccc

gtgttgtggt

atgtggaggt

gctcagtcag

gcagggtcaa

gcagaccgaa

ataaagtcag

ggcagtggaa

atggctctta

atactttcac

tctcccactce

of 18HOO9
(SEQ ID NO:

tctgtccectc

ccggaaattc

ttactacaat

gttctacctt

aacccatata

cadaacdaca

catggtgacc

gaactctgga

ctacactctg

ctgcaacgtt

ttgtggttgt

ccCcaaaygcCccCccC

agacatcagc

gcacacagct

tgaacttccc

cagtgcagct

ggctccacag

tctgacctgc

tgggcagcca

cttcgtctac

ctgctctgtg

tcctggtaaa

Protein Sequence Defining the Full Length Heavy Chailn Sequence
(Heavy Chain Variable Region and IgGl

1 evglgesgps lvkpsqgtlsl

61l pslksrisit

121 ppsvyplapg

181

sssvtvpsst

241 kdvltitltp

301

imhgdwlngk

361l mitdffpedl

421

lheglhnhht

rdtskngfvyl
saagtnesmvt
wpsetvtconv
kvtcvvvdis

efkcrvngaa

tvewgwngdqp

ekslshspgk

teyvtgdsit
rinsvttedt
lgclvkgyip
ahpasstkvd
kddpevgtisw
fpapiektis

aenyvkntgpi

Constant Region)

sdywnwirkf
atyycarthi
epvtvtwnsg
kkivprdcgc
fvddvevhta
ktkgrpkapqg

mdtdgsyivy

pgnkleymgy
ltiaywgggt
slssgvhtfp
kpcictvpev
Jgtgpreedqtin
vytipppkeq

sklnvgksnw

of 18HOO9
(SEQ ID NO:

igysgstyyn
lvtvsaaktt
avlgsdlytl
ssviifppkp
stfrsvselp
makdkvsltc

cagntftcsv

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence

(Lambda Chain Variable Region and Constant Region

1

61

121

181

241

301

361

caggctgttyg

acttgtcgct

aaaccagatc

cctgccagat

cagactgagg

ttcggtggag

ctgtttccac

(IGLC1))

of 18HO9%
(SEQ ID NO:

tgactcagga atctgcactc accacatcac ctggtgaaac agtcacactc

caagtgccgyg
atttattcac
tctcaggcetce
atgaggcaat

gaaccaaact

cttcecctetga

ggctgttaca

tggtctaata

cctgattgga

atatttctgt

gactgtccta

agagctcgag

actagtaact

ggtgatacca

gacaaggctg

gctetttggt

ggccagccca

actaacaagg

ttgccaactg

acatccgagc

ccctcaccat

acagcaaccda

agtcttcgcec

ccacactggt

ggtccaagaa

tccaggtgtt

cacaggggca

ttactgggtg

atcagtcacc

gtgtacgatc

104)

105)

106)

42
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421 actgatttct acccaggtgt
481 cagggtatgg agacaaccca
541 tacctgaccc tgacagcaag

601 catgaaggtc acactgtgga

US 8,603,478 B2

-continued

ggtgacagtg

Jgccttccaaa

agcatgggaa

gaagagtttg

gactggaagg

cagagcaaca
aggcatagca

tccegtgetg

tagatggtac

acaagtacat

gttacagctyg

actgttcc

ccctgtcact

ggctagcagc

ccaggtcact

Protein Sequence Defining the Full Length Light Chain Sequence

44

(IGLC1l)) of 18HO09
(SEQ ID NO: 107}
1 gavvtgesal ttspgetvtl tcrssagavt tsnfanwvge kpdhlftgli gdtnirapgv

(Lambda Chain Variable Region and Constant Region

61l parfsgslig dkaaltitga gtedeaivfc alwysnhywv fgggtkltvl ggpksspsvt

121 1fppsseele tnkatlvcecti tdfypgvvtv dwkvdgtpvt ggmett

181 yvltltarawe rhssyscgvt heghtveksl sradcs

hak

gsnnkymass

Nucleic Acid Sequence Encoding the Full Length Heavy Chailin Sequence
(Heavy Chain Variable Region and IgGl

1 gaggtgcagce ttcaggagtc aggacctagce

61

121

181

241

acctgttctyg

ccagggaata

ccatctctca

cagttgattt

301 gactatgcta

361

421

acacccccat

accctgggat

481 ggatccctgt

541

ctgagcagct

601 gttgccecacc

661

721

781

tgtaagcctt

cccaaggatg

agcaaggatg

841 gctcagacgc

501

cccatcatgc

961 gctttcectyg

1021

1081

1141

1201

caggtgtaca

tgcatgataa

ccagcggaga

tacagcaagc

1261 gtgttacatyg

1321

aad

tcactggcga

aacttgagta

aaagtcgaat

ctgtgactgc

tggactactg

ctgtctatcc

gcctggtcaa

ccagcggtgt

cagtgactgt

cggccagcag

gcatatgtac

tgctcaccat

atcccgaggt

aaccccggga

accaggactg

cccccatcga

ccattccacc

cagacttctt

actacaagaa

tcaatgtgca

agggcctgca

ctccatcacc

catggggtac

ctccatcact

tgaggacaca

gggtcaagga

actggcccct

gggctatttc

gcacaccttc

cccctccagc

caccaaggtg

agtcccagaa

tactctgact

ccagttcagc

ggagcagttc

gctcaatggc

gaaaaccatc

tcccaaggag

ccctgaagac

cactcagccc

gaagagcaac

caaccaccat

Constant Region)

of 29BO06
(SEQ ID NO:

ctcgtgaaac cttcectcagac tcectgtcecectce

agtggttact

ataagctaca

cgagacacat

gccacatatt

acctcagtca

ggatctgctg

cctgagccag

ccagctgtcc

acctggccca

gacaagaaaa

gtatcatctg

cctaaggtca

tggtttgtag

aacagcactt

aaggagttca

tccaaaacca

cagatggcca

attactgtgg

atcatggaca

tgggaggcag

actgagaaga

ggaactggat

gtggtaaaac

ccadadaaccd

actgtgcaag

CCgtCtCCtC

cccaaactaa

tgacagtgac

tgcagtctga

gcgagaccgt

ttgtgcccag

CCttcatctt

cgtgtgttgt

atgatgtgga

tccgctcagt

aatgcagggt

aaggcagacc

aggataaagt

agtggcagtg

cagatggctc

gaaatacttt

gcctctcoccecca

ccggaaattc

ttactacaat

ttactacctg

gtctaagtac

agccaaaacg

ctccatggtg

ctggaactct

cctctacact

cacctgcaac

ggattgtggt

ccccccaaadq

ggtagacatc

ggtgcacaca

cagtgaactt

caacagtgca

gaaggctcca

cagtctgacc

gaatgggcag

ttacttcgtc

cacctgctct

ctctectggt

Protein Sequence Defining the Full Length Heavy Chain Sequence

of 29B06

108)

(Heavy Chain Variable Region and IgGl Constant Region)
(SEQ ID NO: 109}

1 evglgesgps lvkpsgtlsl tcesvtgdsit sgywnwirkf pgnkleymgy isysgktyyn

61l pelksrisit rdtsknhyyl
121 tppsvyplap gsaagtnsmv

181 lsssvtvpss twpsetvtcen

241 pkdvltitlt pkvtcvvvdil

glisvtaedt
tlgclvkgyt

vahpasstkv

skddpevqgts

atyycarsky
pepvtvtwns

dkkivprdcg

wivddvevht

dy amdywgdqg

tgvtvggakt

gslssgvhtf pavligsdlyt

ckpcictvpe

agtgpreeqt

vesviifppk

nstfrgvsel
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-continued

46

301 pimhgdwlng kefkcrvnsa afpapiekti sktkgrpkap gvvtipppke gmakdkvslt

361 cmitdffped itvewgwngq paenykntg

421 vlheglhnhh tekslshspg Kk

o imdtdgsyviv ysklnvgksn weagntftcs

Nucleic Acid Sequence Encoding the Full Length Light Chain Sequence
(Kappa Chain Variable Region and Constant Region}

of 29B06

(SEQ ID NO: 110}

1 gacattgtgc tgacccaatc

61

121

181

241

301

361

421

481

541

atctcctgca

caacadaaac

ggggtcectg
cctgtggagy
acgttcggtg
atcttcececac
aacaacttcectc
aatggcgtcc

agcaccctca

gagccagcga
caggacagcc
ccaggtttag
aggatgatac
gaggcaccaa
catccagtga
accccaaaga
tgaacagttyg

cgttgaccaa

601 actcacaaga catcaacttc

tccagettcet

aattgttgat

acccaaactc

tggcagtggyg

tgcaatgtat

gctggaaatc

gcagttaaca

catcaatgtc

gactgatcag

ggacgagtat

acccattgtce

ttggctgtygt

aattttggca

ctcatctatyg

tctgggacag

ttctgtcagc

aaacgggctg

tctggaggtg

aagtggaaga

gacagcaaag

gaacgacata

aagagcttca

ctctaggaca
ttagttttat
ctgcatccaa
acttcagcct
aaagtaagga
atgctgcacc
cctcagtcgt
ttgatggcag
acagcaccta
acagctatac

acaggaatga

gagggccacc

gaactggttc

ccaaggatcc

caacatccat

ggttcctecg

aactgtatcc

gtgcttcttg

tgaacgacaa

cagcatgagc

ctgtgaggcc

gtgt

Protein Sequence Defining the Full Length Light Chain Sequence

(Kappa Chain Variable Region and Constant Region}

1 divltgspas

61 gvparfsgsg

121 ifppsseqlt

181 stltltkdey

Table 4 shows the correspondence between the tull-length
sequences ol the antibodies discussed 1n this

those presented 1n the Sequence Listing.

TABL.

SEQ ID NO. Nucleic Acid or Protein

92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

07F01
07F01
07F01
07F01
12B11
12B11
12B11
12B11

L1l

4

Kappa Variable + Constant-protein

Kappa Variable + Constant-protein

17F06 Heavy Variable + IgG2 A Constant-nucleic acid
17F06 Heavy Variable + IgG2 A Constant-protein
17F06 Lambda Variable + Constant (IGLC2)-nucleic acid
17F06 Lambda Variable + Constant (IGLC2)-protein

18HO9 Heavy Variable + Ig(G1 Constant-nucleic acid

29B06 Kappa Variable + Constant-protein

erhnsytcea thktestspiv ksfnrnec

Heavy Variable + Ig(G1 Constant-nucleic acid
Heavy Variable + Ig(G1 Constant-protein

Kappa Variable + Constant-nucleic acid

Heavy Variable + Ig(G1 Constant-nucleic acid
Heavy Variable + Ig(G1 Constant-protein

Kappa Variable + Constant-nucleic acid

13HO9 Heavy Variable + Ig(G1 Constant-protein
18HO9 Lambda Variable + Constant (IGLC1 )-nucleic acid
18HO9 Lambda Variable + Constant (IGLC1 )-protein
29B06 Heavy Variable + Ig(G1 Constant-nucleic acid
29B06 Heavy Variable + Ig(G1 Constant-protein
29B06 Kappa Variable + Constant-nucleic acid

Example with

of 29BO06

40

45

50

55

60

65

(SEQ ID NO: 111}

lavslggrat i1scraseivd nfgisfmnwf ggkpggppkl livaasndggs
sgtdfslnih pveeddtamy fcqggskevpp tfgggtklei kradaaptvs

sggasvvcil nnfypkdinv kwkidgserqg ngvlnswtdqg dskdstysms

Example 5

Binding Affinities

The binding affinities and kinetics of binding of antibodies
07F01, 29B06, 17F06, 18HO09, and 12B11 to recombinant

human RON-ECD/mFc tusion protein (rhRON ECD/mFc¢)
and recombinant human RON SEMA and PSI domains
(thRON SEMA+PSI) (R&D Systems, Inc., Minneapolis,
Minn.) were measured by surface plasmon resonance, using a
BIACORE® T100 mstrument (GE Healthcare, Piscataway,
N.I.).

Rabbit anti-mouse 1gGs (GE Healthcare) were immobi-
lized on carboxymethylated dextran CM4 sensor chips (GE
Healthcare) by amine coupling, according to a standard pro-
tocol. Analyses were performed at 25° C. and 37° C., using
PBS contaiming 0.05% surfactant P20 as running buifer. The
antibodies were captured 1n individual tlow cells at a flow rate
of 10 ul/min. Injection time was varied for each antibody to
yield an Rmax between 30 and 60 RU. 2350 ug/mlL mouse Fc
were 1njected at 30 ul/min for 120 seconds to block non-
specific binding of antibodies to Fc portion of the protein
when needed. Bufter, rhRon ECD/mFc or rhRON SEMA+
PSI diluted 1n running butfer was injected sequentially over a
reference surface (no antibody captured) and the active sur-
face (antibody to be tested) for 300 seconds at 60 ul/minute.
The dissociation phase was monitored for up to 3600 seconds.
The surface was then regenerated with two 60-second 1njec-
tions of 10 mM Glycine-HCI, pH 1.7, at a tlow rate of 60
wl/min. The thRON ECD/mFc or thON SEMA+PSI con-
centration range tested was 0.625 nM to 20 nM.
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Kinetic parameters were determined using the kinetic
tfunction of the BIAevaluation software (GE Healthcare) with
double reference subtraction. Kinetic parameters for each
antibody, k  (association rate constant), k , (dissociation rate
constant) and K, (equilibrium dissociation constant) were 5

determined. Kinetic values of the monoclonal antibodies on
rhRON ECD/mFc¢ at 25° C. and 37° C. are summarized in

48

sured at 4° C., using Fluorescence Activated Cell Sorting
(FACS). PC3 cells expressing the human wild-type RON, and
HT29 cells expressing the delta 160 variant, were harvested

using cell dissociation buffer (Invitrogen), washed twice with
FACS butter (PBS with 0.5% BSA), and treated for 10 min-

utes with Cyto Q Antibody diluent and FC receptor block
(Innovex Biosciences, Richmond, Calif. ). Purified antibodies

Table 3. were diluted 1n FACS bulfer over a concentration range from
TABLE 5
Antibody Binding to